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P E E F A C E. 



Soon after my appointment to the Chair of Chemistry at 
St. Mary's Hospital in 1854, 1 noticed that the chief part 
of the lecture-time was occupied by the most dihgent 
students in taking notes of the various formulsB and re- 
actions which were from time to time stated ; and that 
they were thereby prevented from paying continuous 
attention to the course of the Lecture, and its illustrative 
experiments 

To remedy this evil, I published in 1865 the first edition 
of my " Notes for Students," in which T endeavoured to 
supply all the information necessary to form a connecting 
basis for the teaching in the lectures. 

A new feature of the present syllabus is an Appendix 
giving the doses of the chief chemical preparations of the 
"Materia Medica." This addition was suggested to me 
by one of my present colleagues. Dr. Clapton, and carried 
out by my friend Mr. H. B. Donkin. 

Albert J. Bebnays. 

Chemical Laboratory, 
St. Thomas's Hospital Medical College^ 
January^ 1870 
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NOTES FOR STUDENTS IN CHEMISTRY. 



Manifoij) as are the substances which we meet with on every 
liand, there are but few bodies which caanot be re?olved by heat 
or otherwise into simpler forms. Those bodies which resist all 
attempts at decomposition are called Elements or simple 
bodies. 

The elements are sixty-four in number ; they may be divided 
for convenience into Nox-metallio Elements and into Metals. 
The non-metallic elements are more or less imperfect conductors 
of heat and electricity, and their chief tendency is to unite with 
the element Hydrogen and to form acid compounds. 

The elements are veiy unevenly distributed throughout the 
earth and the air. The most abundant constituents of this 
globe are Oxygen, Silicon, Aluminum, Iron, Calcium, Magne- 
sium, Sodium, and Potassium. 

Those elements and their compounds which are either little 
known, or of less importance, will be bracketed, so that they may 
be passed over by those students who do not require information 
with reference to them. 

The non-metallic Elements are i ; in number : Ave are 
gueoos — ^viz.. Hydrogen, Oxtgen, Nitrogen, Chlorine, and 
Ji'luobine ; one is a liquid, Bromine ; the other seven are solids 
— viz.", Carbon, Silicon, Sulphur, Selenium, Phosphorus, 
Iodine, and Boron. 

Chemists are in the habit of representing the elements by 
symbols : thus, the initial letters of the Latin names repretent 
the smallest proportion in which one element will unite with 
another. When two elements commence with the same initial 
letters, the one is distinguished from the other by an affix. 
Thus, S stands for Sulphur ; 8e for Selenium ; 8i for Silicon. 

Each element is supposed to consist of very minute particles, 
which cannot be further sub-divided ; these particles are called 
aiom9, from the Greek a privative, and rt/xvu, temno, I cut. 'J 'he 
atoms of the various elements possess distinct weights ; thus the 
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a ELEMENTS. SYMBOLS. ATOMS. MOLECULES. 

atom of Oxygen is found to be sixteen times heavier than the 
atom of Hydhogen. Now, as Hydrogen is accepted as unity, the 
atomic weight of Hydrogen being 1, that of Oxygen is 16, of 
Nitrogen 14, of Chlorine 35.6, of Fluorine 19. One gramme 
of Hydrogen, at the normal temperature and pressure, fills a 
volume of 11.19 litres. The same space is occupied by 16 
grammes of Oxygen, 14 grammes of Nitrogen, 36.5 grammes of 
Chlorine, and 19 grammes of Fluorine. 

Equal volumes of most of the elementary gases, when com- 
pared under the same conditions of temperature and pressure, 
are supposed to contain the same number of atoms. 

The smallest proportion of an element found in combination 
is called its Atom, whilst the smallest proportion of it in a free 
state is called ils Molecule. The atom of Hydrogen being H = 1, 
its molecule must be HH or H, = 2. So also with Oxygen, its 
molecule must be 00 or 0, = 32. 

Every compound consists of the smallest cluster of molecules ; 
thus WATER or HYDROGEN OX IDE, being a compound of two atoms 
of Hydrogen with one atom of Oxygen, is represented by the 
symbol HjO = 18i. The atomic weight of compounds, capable of 
existing in the form of vapour or gas, occupies the space of two 
volumes of our standi! rd Hydrogen ; consequently, if we desire 
to know the specific weight of a compound which occupies the 
space of two volumes, we must halve its atomic weight in order 
to compare it with H = i. 

Thus, Hydrogen (r vol.^ unites with Chlorine (i vol.) to 
constitute 2 volumes of hydrochloric acid : the symbol of 
that compound being HCl, and its atomic weight 36.6, its 
specific weight must be 18.25 when compared with i vol. of 
Hydrogen. 

Again : Hydrogen (2 vols.) unites with Oxygen (i vol.) to 
form 2 vols, of watery vapour HjO : the specitic weight of i vol. 
of HjO, as vapour, must be 9. 

Further : Hydkogen (3 vols.) unites withNrrROGEN (i vol.) to 
form 2 vols, of Ammonia HjN ; the specific weight of i vol. of 
H,N must be 8.5. 

Lastly : Hydrogen (4 vols.) unites with Carbon (volume un- 
known, as it cannot be volatilized) to form 2 vols, of Marsh-gas 
H4C. When I vol. of this gas is weighed, it is found to be 8 times 
heavier than i vol. of Hydrogen ; its sp. weight or sp. gravity 
must be 8. 

Whenever a group op elements behaves like an element, it is 
called a radical, and the same term " atom '' is applied to such 
a group. Thus, carbon and nitrogen unite to form cyanogen, 
and the symbol for cyanogen expresses the weight of its atom ; 
CK or Cy = 26 expresses the atom; CjN, = 52 represents the 
molecule. In combination, CN exists with i atom of Hydrogen, 



RADICALS. TABLE OF ATOMIC WEIGHTS. 3 

as HYDBO-CYANic ACID HON = 27 ! but the volume- weight of its 
vapour must be half the atomic weight, therefore 13.5. 

In the chemical notation adopted in this book, the formulie of 
compounds, which can exist in the form of gas or vapour, always 
denote 2 volumes, unless expressly stated to the contrary. 

The elements themselves are called Monads, IDyads, Triads, 
Tetrads, Pentads, or Hezads, according to the amount of hydro- 
gen they unite with in their chief combination, or the character 
of the element which they can replace in combination. 

A tetrad may also assume the character of a dyad, and a triad 
sometimes that of a monad, sometimes that of a pentad. In com- 
binations, one DYAD can unite with or displace another dyad 
or two monads; a triad can displace thne monads or one 
triad. One tetrad can unite with four monads or two dyads, 
and can also displace similar amounts of different elements. 



Table of Atomic Weights. 
Monads or Monatomio elements. 



Hydrogen 

Chlorine 

Bromine 

Iodine 

Fluorine 

Kalium 



H= r 

ci= 35. 

Br= 80 

I = 127 

F= 19 

K= 39 



5 



Natrium Na 
Caesium Cs 
Hubidium Bb 
lithium L 
Argentum Ag 
ThaUium Tl 



= 2 



i33 

85.5 

7 
108 
204 



Oxygen 

Sulphur 

Selenium 

Tellurium 

Barium 

Strontium 

Calcium 

Magnesium 

Yttrium 

Lanthanum 

Oeriimi 

Didymium 

Uranium 



Dyads or Diatomic elements. 

O = 16 Palladium Pd= 106.5 

S = 32 Bhodium K= 104.3 

Se = 79.5 ManganesiumMn= 55 

Te = 129 Ferriun Fe= 56 

Ba=iJ7 Cobalt Co= 59 

Sr= 87.5 Nickel Ni= 59 

Oa = 40 Zinc Zn= 65 

Mg = 24 Cadmium Cd= 112 

Y = 68 Indium In= 74 

La = 92 Cuprum Cu= 63.5 

Ce = 92 Plumbum Pb= 207 

D = 96 Hydrargyrum Hg= 200 

U= 120 



Triads or Triatomio elements. 



Nitrogen N = 14 

Phosphorus P = 31 

Arsenicum As = 75 

Stibium Sb = 122 

Borqn B= 11 



Glucinum G 
Chromium Cr 
Aluminum Al 
Bismuth Bi 
Aurum Au= 196.6 



9.3 
53.5 
37.5 

2TO 



4 TABLE OF ELEMENTS. L HYDROGEN. H. OXYGEN. 

Tetrads or Tetratomic elements. 

Carbon 0= 12 Niobium Nb= 97.5 

Silicon Si = 28 Ruthenium Ru = 104 

Titanium Ti = 50 Platinum Pt=r97 

Stannum Sn=ii8 Iridium Ir=i98 

Zirconium Zr= 90 Osmium Os = i99 

Thorinum Th = 2 3 1 . 5 Tantalum Ta = 1 3 7 . 6 

Eexads or Hezatomic elements. 
Molybdenum Mo = 92 Vanadium V=i37 

Tungsten W = 184 

A. The non-metallic elements and their compounds, including 
Stibium^ Arsenicum, Bismuth, Titanium, and Zirconium. 

I.— Hydrogen H,. H, = 2. 

1. Hydrogen H = 1.— Molecular weight E, = 2. Monad 
element : the standard of atomic weights. A colourless, taste- 
less, and inodorous gas, at least when pure. It is inflammable 
when heated in air, burning at the expense of atmospheric 
oxygen and with pale flame to hydrogen oxide, or water EjO. 
It is the lightest of all gases, 14* S x lighter than air; 14 x 
lighter than nitrogen ; 16 x lighter than oxygen, and 35 .5 X 
lighter than chlorine, i r . 19 litres of the gas weigh i gramme 
(one litre weighs 0.C896 gramme, called a criih by Dr. Hoff- 
man. In these ** Notes " preference is given to Dr. Williamson's 
standard, the weight of 11 . 19 litres). Water dissolves i . 93 per 
cent, at i5°C. Hydrogen is found chiefly in combination : with 
oxygen in water, and in nearly all organic bodies. It is sepa- 
rated from water either by the aid of various metals, -or from 
certain acids by metals, or by electrolysis, i. From hydrogen 
OXIDE by natrium or sodium : sodium hydrate is found in solu- 
tion : Na, -I- 2H2O = 2NaH0 + H^. 2. From steam over red- 
hot ferrum in a gunbarrel : Ferrous-ferric oxide Fe304, re- 
mains, 4 H2O + 3 Fe = FcgO^ + 4H2. 3. From sulphuric acid 
(diluted) by zinc ; zinc sulphate ZnSO^, remains : H2SO4 + Zn 
= ZnSO^ + H,. 4, From hydrochloric acid and zinc, zinc 
CHLORIDE ZnGljt remains : 2HGI + Zn = ZnCl, + H,. 5. By 
electrolysis ; H, separates at the negative pole or zincode. 

XL— -Oxygen = 16. 0, = 82. 

2. Oxygen = 16.— Molecular weight O2 = 82. Dyad ele- 
ment. Colourless, tasteless, and inodorous gas, uninflammable. 
The great supporter of combustion. Necessary to decay, ger- 
mination, putrefaction. Water dissolves 2.99 per cent, at 15^0. 
The most magnetic of gases; the diurnal variations of the 



oxygen: prepakation of hydrogen oxide. 5 

needle referable to the effects of heat upon it. Atmospheric 
magnetism is weakened in our latitude east of the meridian by 
the sun's rays in the morning ; the deviation is then towards 
the west until an hour after noon, when it goes back towards 
east until eight o'clock ; then it remains stationary until sunrise. 
Oxygen is 16 x heavier than hydrogen: 11 . 19 litres weigh 16 
grammes. In the free state, oxygen is found in the air in ad- 
mixture with nitrogen, constituting 21 per cent, by volume and 
23 per cent, by weight of dry air. Combined with hydrogen as 
hydrogen oxide HgO, it forms | of the weight of the latter. It 
is a component of nearly all organic bodies and a constituent of 
most minerals. Prep. i. From mercuric oxide HgO by heat : 
2HgO = Hgg + O2. 2. From manganese peroxide MnOj, by 
heat; manqanous-manganio oxide Mng04, remains. sMnOg = 
MnOjMDaOj + Oj. 3. From barium peroxide BaOj, by heat; 
BARIUM OXIDE BaO, remains. 2Ba02 = 2BaO + Oj. 4. From 
hydrogen OXIDE HjO, by electrolysis ; oxygen separates at the 
positive pole or platinode. 5. From potassium chlorate KCIO3, 
by heat ; potassium chloride KCI, remains. 2KCIO3 = 2KCI 
-f 3O2. 122.5 grammes of potassium chlorate contain 48 grammes 
or 3 X 11.19= 33.57 litres of oxygen. 6. From manga- 
nese peroxide MnOj, by sulphuric acid H2SO4 ; manganous 
SULPHATE MnSO.., remains : 2Mn02 + 2H2SO4 = 2MnS04 H- 
2H2O + Oj. 7. From sulphuric acid H2SO4, in vapour 
at a red heat. The resulting sulphurous anhydride SOg, 
can be removed by calcium hydrate. 2H2SO4 = 2SO2 + 2H2O 
-f- Oj. 8. From potassium di-chromate KgCrjO;, and sulphuric 
ACID H2SO4 : roTASSiUM CHROME SULPHATE KCr2S04, remains. 
iKfir^Oj + 8H2SO4 = 4KCr2S04 + SHjO + 3O2. Ozone O2O 
= 48. The allotropic modification of oxygen ; another physical 
aspect of the same substance. A gas of peculiar odour, like to 
that emanating through the action of an electrical machine 
upon the air, which indeed is ozone. 11. 19 litres weigh 24 
grammes. A great bleaching and disinfecting agent. Sets 
iodine free from potassium iodide ; hence a test-paper containing 
starch and potassimn iodide is blued by ozone 6KI -\- 3H2O + 
O3 = 6KH0 + 3I2. Is completely soluble in oil of turpentine. 
Heated to 29o°C., ozone becomes oxygen. Prep. Ozone is prr- 
duced by active vegetation, from decomposition of carbonic 
anhydride. Also by placing sticks of clean phosphorus in a 
bottle of moist air.— Compounds, i. Water or hydrogen oxide 
HjO =18. Pure water is a colourless liquid in small quantities ; 
otherwise blue. It is also tasteless and inodorous. Maximum 
density 4°C., freezes at o^C; boils at loo^C, bar. 760 m. m. ; 
sp. gr. of water i at 4*^C. ; of ice 0.94. It is composed of 88 .89 
of and 1 1 . 1 1 of H. Density of watery vapour when compared 
with air 0.623. Latent heat of water 79° C; latent heat of 
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steam at ioo° C, 537° C. It unites with various salts, molecu- 
larly, as water of crystallization, as in epsom salts MgS04. yHjO. 
With metallic oxides, it forms hydrates ; Na,0 + H,0 = 
sKaHO. Anhydrides, it changes into acids : phosphoric anht- 
Di IDE P,Og becomes metaphosphoric acid HPO,. 2. Hydro- 
gen PEROXIDE HfO, or hydroxyl. Colourless, syrupy liquid of 
sp. gr. 1.45 3. At 22° C. it begins to decompose. Silver oxide 
AeTjO is reduced by it; other oxides become more oxydized. 
The liquid bleaches. Prep. a. From barium peroxidb BaO,, 
water and carbonio anhydride OOj,* barium carbonate 
BaCOa, is also formed. BaOj + H,0 + CO, = BaOO, + H,0, ; 
h, from barium peroxide BaO,, and hydrochloric acid HCl; 
barium chloride BaCl, is also formed. BaO, + 2HCI = BaCl, 

in. Vitiogen V = 14. V, = 28. 

^ Nitrogen V = 14. Molecular weight 28. Triad element. 
Colourless, tasteless, inodorous gas. Uninflammable. Does not sup- 
port combustion, i . 48 per cent, soluble in water at i$° C. Proper- 
ties negative. 11 . 1 9 litres weigh 1 4 grammes. Discovered by Bu- 
therford in 1772. Also called azote. In a free state, mixed with 
oxygen, constitutes 79 per cent, by mensure and 77 per cent, by 
weight of dry air. Combined, it is an important constituent of 
animals and vegetables. Prep. i. By abslraction of oxygen from 
air : a. by the burning of phosphorus in air ; phosphoric anhydride 
PjOj is formed, b. by passing air over red-hot copper-turnings, 
cupric oxide CuO results, and in both cases we obtain Nitrogbn. 
2. By passing chlorine through excess of ammonia NH„ hy- 
drochloric ACID HCl, remains in solution. 3C1,-|- 2irH, = 6HC1 + 
Hj. 3. By heating ammonium nitrite : lXil^'SO^= iH^O-^-^J^^' 

Compounds. Kitrogen with Hydrogen. Nitrogen hydride or 
AMMONIA NH, = 17. Colourless, irrespirable gas, with the odour 
of '* Hartshorn." Inflammable when mixed with oxygen, and 
kindled ; the hydrogen alone burns. 2 vols, of ammonia (NH,= 2 
vols.) require i J vols, of O for complete combustion. Condensible 
under 6 . 9 atmospheres at i5°C. Solid at — 75°C. Boils at 
— 38°.5C. Very soluble in water, which absorbs 725 vol s, at 
I5°C. sp. gr. of the liquor ammonisB 0.884 ; hoils at 54°C. NH, 
is produced in decay, combustion, where bodies contain N and H, 
and in respiration. Contained in air and brought down by the 
rain : source of N to plants. Anmionia a volatile alkali. Prep. 

From AMMONIUM CHLORIDE NH4CI by CALCIUM HYDRATE CaHjO, ; 

CALCIUM CHLORIDE CaCla remains. 2 KH^Cl -h CaHjOg = CaCl,+ 
2H2O + 2HH,. Ammonia NH, unites directly with acids, to form 
AMMONIUM-SALTS. Thufl, with hvdrochloric acid HCl, to ammo- 
nium chloride NH4CI : NHg+HCl = NH^CSl. With nitric acid 
HNO, to AMMONIUM NITRATE NH^NG, : NH, + HNO,= NH4HO, 
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Although the existence of ammonium KH^, is problematical, yet, 
in combination, it produces salts analogous to those of pota>sium ; 
thus ammonium is considered a hypothetical metal. — N with 0. 

1. Nitric anhydmde. KgOg = io8. In brilliant, right rhombic 
prisms ; melts at 29 . 5° C. Boila at 45° C. Prep. By passing dry 

CHLORINE over ARGENTCM NITRATE AgNOg .* ARGENTUM CHLORIDE, 

AgCl remains. 4AgN0g + 2 Clj = 4AgCl-f Og + 2N2O4. By water, 
KjOj becomes nitric acid HNOj. NjOa+HjO = 2HNO3. Ni- 
tric ACID ENO3 = 63. Fuming, corrosive liquid of sp. gr. i . 5 1 7 ; 
boils at 84°. 5 C. Stains the skin yellow. It freezes at —40° C. 
It cannot be distilled without partial decomposition. By heat it 
is decomposed into nitrogen peroxide NOj, water HjO, and 
oxygen : 4HKO3 = 4NO2 + 2H2O + Oj. Monobasic acid. Salts 
called JVt^ra^s ; all are soluble in water and deflagrate upon 
charcoal. Potassium nitrate KNO, is " Saltpetre " or " Nitre.'* 
Prep^ From sodium nitrate NaNO^, by sulphuric acid 
H2SO4; sodium hydrogen sulphate KHSO4, remains in the 
retort NaNO, + H^SO^ = NaHSO^ + HNO,. N.B. 85 parts of 
NaNOj give as much nitric acid as loi parts of KNO,. Atomic 
weight of potassium 39 ; that of sodium 23.— Ordinary nitric 
ACID 2HN0g. 3H2O. A liquid of sp. gr. i .42. It may be distilled 
at 1 2 1° C. It fumes in air, and is only somewhat less corrosive 
than HNOg. It is a monobasic acid, ns it has' only one atom of 
displaceable hydrogen. Action of nitric acid upon the metals ; 
— HNOg no action upon gold, platinimi, ferrum, and aluminum. 
Tin or stannum is oxydized to mbttastannic acid HjSnjOii) 
4H2O. Stibium or antimony to antimonic acid ESbO, ; both 
insoluble in water. Copper into soluble cupric nitrate Cii2N'0g. 
Mercury into mercurous nitrate Hgs^NO, and mercuric 
nitrate Hg2N0g. Silver into silver nitrate AgNOg. Zinc 
into ZINC nitrate Zn2N0g. Where chemical action takes place^ 
a portion of the acid reduced to a lower condition of oxidation. 

2. NITROUS OXIDE N^O = 44. " Laughing gas.'* Colourless, in- 
odorous gas. Bespirable for a time : much employed as an 
ansBsthetic. 11. 19 litres weigh 22 grammes.' Liquid under a 

?ressure of 50 atmospheres. Solid at — 101° 0. Boils at —88° C. 
*rep. From ammonium nitrate NH4N0g by heat at 271° C. 
into water and nitrous oxide. NH^NOg = 2H2O -f NjO. Also, 
by the action of zinc upon dilute nitric acid. 10 HNOg + 4Zn 
-f nH,0 = 4Zn2N0g + 5 UjO + nHgO + NjO. 3. Nitric oxidb 
KO = 30. Colourless gas, irrespirable, uninflammable. 15 x 
heavier than hydrogen. 11.19 litres weigh 15 grammes. Forms 
with ferrous sulphate an olive-brown compound 2FeSO4.NO: a 
test for free nitric acid. Also a test for free oxygen, with which 
it forms an orange-red compound, either nitric peroxide NOj, 
or NITROUS anhydride N2O8. Prep, of KO. By the action of 
copper-turnings upon nitric acid ; 3CU + 8HN0g = 30u2NO,+ 
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4H,0 + 2KO. Or of quicksilver. 3Hg + 8HN0, = sHgiNO, 
4- 4H3O + 3HO. 4. NiTRors ANHYDBIDE Vfi^. Blue, Volatile 
liquid at — i8°C. emitting a red, irritating yaponr : at ordinary 
temperatures an orange-red gas. Mixed with a little water, it 
forms NITROUS acid HKOg. Tlius : NgO, + H,0 = 2HH0^ Prep, 
of KgOg. By mixing 4 vols, of nitbic oxide NO, with 1 vol. of 
oxygen. 2 NO + O = K2O,. Also from absenious anhydbide 
As-O, and nitric acid : As^O. + 2HNO, + 2H,0 = 2H,A804 + 
y,0|. By the action of silver in the c old, w e obtain nitrous acid : 
2Ag + 3HNO, = 2AgN0, + HjO + HKOj. When, howevt-r, 
silver is ^eatocf with nitric acid, nitrous anhydride is given off: 
4Ag + 6HN0a = 4AgN03 + 3HjO + HjOj. 5. Nitbogen pbb- 
oxiDE VOg = 2 void. A liquid under pressure, colourless at 
— 1 8° C, yellow at 10° 0. ; boils at 28° C. and forms a deep orange- 
red vapour. Tills orange vapour of NOj is the chief resultant in air 
from aecomposed nitric acid. In many organic compounds, NO, 
substitutes E atom for atom. Prep. 2(Pb2N08) ^Y beat = 
2PbO + Oa + 4KO3. By water, HO2 is decomposed into nitbic 
AoiD and nitbic oxide : 3KO, + H^O = 2HNO3 + NO. 

IV. Carbon G = 12. 

4. Carbon = 12. A tetrad element existing as a solid in 
three allotropic modiHcations. It has not been vaporized : 
vapour- volume unknown, i C». The diamond. Sp. gr. 3.33 to 
3.^5. Hardest gem. Crystallizes in cubes and octohe^a, iu- 
Boluble in all media and infusible. By intense beat, in absence 
of air into a coke-like substance. Combustible into cabbonio 
anhydride CO2 when strongly heated in air or oxygen. 2. C. 
As GRAPHITE or PLtMBAGO : better Isnown as black-lead. Sp. gr. 
2.15 to 2.35. In liexagonal, rhombohedral plates. Found in 
clay' slate, in gneiss, mica, and limestone. lieaden lustre, whence 
•* Black-lead.*' Oonductfjr of electricity : graphite used as con- 
ducting plate in Bitnsen's battery. 3. Cy. As lamp-black or 
AMOBPHous carbon, the ligl it-giving principle of flame. " Wood- 
charcoal," •• coke,*' and "soot" are impure varieties of carbon. 
Action on putrescent (Cataplasma carbonis) and colouring 
matters. 

Oomponndfl. with H. Htdbide of Methyl or Mabsh-gas 
CH4. Ethylene, olepiant gas or heavy cabbonetted hydro- 
gen C2H4. Bee Organic Chemistby. G with 0. a. Cabbonio 
ANHYDRIDE CfO^ = 2 vols. Colourless, uninflammable, inodorous 
gas : extinguishes combustion. Precipitates lime and baryta 
water. Liquid under a pressure of 38.5 atmospheres at o°0. : 
solid by spontaneous evaporation. Soluble in its own volume of 
water at 15° C. The "choke damp" and "after-domp" of 
mines. A product of respiration, decay, combustion, fermenta- 
tion, germination, and putrefaction. Air contains 0.035 P®' 
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cent. : breathed air 3 . 5 per cent, of carbonic anhydritle. In all 
waters ; in the acidulous waters of Seltzer, Pyrmont, &c. In 
soda-water, &c. In efiervescing wines. Carbonic anhydride is 
a very heavy gas: 11,19 litres weigh 22 grammes. CO^ has 
the properties of an acid : di basic. Hyj)othetical formula 
H2CO3. Salts called carbonates. Mostly insoluble. Calcium 
CARBONATE CaCOj, the commonest of carbonates, known as lime- 
stone, marble, chalk, &c. Potassium, sodium, and ammonium 
carbonates, are soluble in water : so also are the acid carbonates 
of barium, strontium, and calcium. Prep, of carbonic anhy- 
dride GO,' I* In heating calcium carbonate to redness, in the 
preparation of calcium oxiile CaO. CaCO, = C^O + 00,. 
2. From any carbonate, by acids. Thus, when hydrogen chlo- 
BiDE HCl, is poured upon calctdm carbonate CaCOg, calciuh 
chloride CaCl^, water H^O and carbonic anhydride 00, re- 
sult. Ca0O3+2HCl = CaCl2 + H2O + C02. Again: CaCO, 
+ 2HNO, = Ca2N0, + H2O + 00,. 3- Charcoal burns in 
oxygen to carbonic anhydride 00,. h. Carbonic oxide 00 = 
28. 2 vols. Colourless, tasteless, and inodorous gas ; burns to 
carbonic anhydride CO, with blue flame. Very poisonous. 
Water dissolves 2 .43 per cent. ati5°C. ir.19 litres of the gas 
weigh 14 grammes. Prep. a. by passing carbonic anhydride 
CO,, over red-hot charcoal. CO, + = 2CO. b. By heating 
oxalic acid H,C204,2H30 with sulphuric acid H2SO4. H,0204 
+ H2SO4 = H,S04, HjO -f- CO, -h 00. The CO, can be re- 
moved by calcium oxide CaO or by potassium hydrate KHO. 
c. By heating zinc Zn, and chalk CaCO,, to redness in a gun- 
barrel. Zn -h CaOOj, = ZnO + CaO + 00. d. By heating car- 
bonic anhydride CO, and hydrogen H, : CO, + H, = 11,0 + 
CO. e. By heating potassiim ferkocyanidb K4F^gNe,3H,0 
with sulphuric acid H2SO4 and water Hfi. K4FeCttNfl,3H,0 
-f 3H,0 + 6H,S04 = 2K,S04 + FeS04 + 3 (N H4)2S04 + 600. 
with K. Cyanogen 0,5, = 62. 2 vols. Organic Chemistry. 

V. Sulphnr 8 = 32. 8, = 64. 

5. Sulphur S = 82. Molecular weight 82 = 64. A dyad 
element, found native in Sicily and on the coasts of the Mediter- 
ranean. Pale-yellow, brittle solid. Sp.gr. 2.05. Melts at 
115° C, and boils at 446° C. Inflammable in air at 260° C. with 
violet flame to sulphurous anhydride SO,. Found in Sicily, 
crystallized as an octohedron with rhombic base, and also mas- 
sive. Soluble in carbonic sulphide OS, ; in tukpentine C|oHi« 
and sulphurous chloride SgCl,. Insoluble in water. Sulphur 
forms many natural sulphides. Iron pyrites FeS,. Magnetic 
PYRITES Fe^Sg. Cobalt-glance CoSAs. Nickel-glance NiSAs. 
Blende ZnS. Greenockite CdS. Galena PbS. Silver-glance 
Ag,S. Cinnabar HgS. Coppeb-pybites FeCuS,. Grey anti- 
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MONY-OBE SbjS,. Obpiment Asfi^, Bealgab AbjSs. Bulphnr 
is a notable illustration of the aUotropic condition : also di-mor- 
phous, crystallizing in two irreooncileable geometrical forms. 
8a; already described. Electro-negative. 8^; by fusion of 
S<^. In oblique prisms of sp. gr. 1.98. Melts at 120° C. BoU 
sulphur. Soluble in cakbonio sulphide OS,. Also electro- 
negative. 8y; by heating sulphur to nearly 260° G. (amber- 
coloured liquid atjii5° C. ; deep-amber at 120° C. ; treacle-brown 
at i8o°G.), and sudden cooling; gutta-percha like mass, elastic, 
of sp. gr. 1 .95 7 ; insoluble in OS, ; electro-positive. Componndi. 
I. 8 with H. a. Hydbooen sulphide or hydbo-sulphubic acid 
H28 = 34. 2 vols. Colourless gas, smelling oi rotten eggs, which 
evolve it. Narcotic. Inflammable, burning with blue flame to 
water and sulphurous anhydride : 2 vols, require 3 vols, of O for 
complete combustion. 11. 19 litres of H28 weigh 17 grammes. 
3.2 vols, are soluble in i vol. of water; the solution has a 
slightly acid reaction. Contained in Harrogate water. Under 
a pressure of 17 atmospheres H28 liquefies; solid at — 86°C., 
boils at— 62° C. Emanates from sewers. Absorbed by calcium 
oxide CaO ; thus : CaO + H28 = 11,0 + CaS. Decomposed by 
suLPHUBOus anhydbide SOj. Thus : loSO^ + 10H28 = 5S, + 
8H2O + Penta-thionic acid 2 (H^SjOe). E28 is an im- 
portant test for metals. Lead-paper or paper soaked in a solu- 
tion of lead acetate, is immediately blackened by JSL^Bf owing to 
the formation of lead sulphidk PbS, which is black. Lead 

ACETATE Pb2C2Hg02 + H28 = ACETIC ACID 2 (HCjHjOj) + PM. 

In acid solutions, H28 precipitates Pb, Cu, Cd, Hg, Ag, Au, Pt, 
Pd, Sb, As, Bi, and Sn. Frep. of H^S. a. From pebrous sul- 
phide FeS, by sulphuric acid H2SO4 ; febrous sulphate FeSOf, 
and hydbogen sulphide HjS, result. FeS + H,S04 + water = 
FeS04 + water -f Kfi, Also from febbous sulphide FeS, by 
hydrogen CHLOBiDB HCl. FoS -f- 2HCI = FeClj +H2S. 6. From 
ANTiMONOus SULPHIDE SbjS, by HCl. 6 HCl + SbjSg = SbjClg -f 
dH28. [Hydbogen persulphide H282 = 66. An oily fluid, analo- 
gous to HjOj. Frep. 3CaH202+6S2=CaS2H204+2H204-2CaSa. 
On filtration and pouring into dilute hydrogen chloride, hydbo- 
gen persulphide H282, subsides. Also : CaS, + 2HCI = CaOl^ 
+H282.] Ammonium hydrogen sulphide NH4H8, is the common 
laboratory test for the metals. Precipitates the metals Al, Cr, 
Mn, Fe, Zn, Co, and Ni, which are not precipitated by HjS in 
acid solutions. NH^HS becomes yellow by contact with air, 
owing to the formation of ammonium bi-sulphide-8NH4HS -f- 
5O2 = 2H2O -h 2(NH4)2S2H204 + 2(irH4)282. Prep, of NH4H8. 
By passing HjS into H3N=NH4H8. 8 with 0. Unites in 7 
proportions. 3 important, a. Sulphubous anhydbide 8O2 = 64. 
2 vols. Colourless, pungent gas, irrespirable, suflbcating ; ever 
formed when sulphur is burnt in air. Water dissolves 43 . 5 per 
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cent, at 15°* 5 C. : the solution behaves like an acid : di-basic 
H,80,. SuLFHTBOcs ACID H^g ^orms salts, called svlfhites : 
alkaline sulphites are soluble in water. 80, is a very heayy 
gas ; 1 1 . 19 litres weigh 32 grammes. At —18° C, SOj condenses 
into a colonrless liquid. Frep. of SOj. i . By burning 8 in 0, = SO^. 
2. By the action of ooppkb Cu, upon srLPHURic acid HjSO^. Cu 
+ 2H2S04=CuS04 + 2HaO + 8O2. Or by Hg upon H^SO,. Hg 
+ 2H2SO4 = HglSO^ + 2H2O + SOj. 3. By heating charcoal C, 
with H2SO4. -h 2H2SO4 = 2HjO + COj + 28O,. As 80^ has 
more powerful affinities than CO^. the latter does not interfere 
with the formation of sulphites. Thus : NajCO, + SO, = CO, 
+ NajSOg. 4. by roasting iron-pyrites in air. 4^eSj -f- 1 lO, = 
2Fe20, + 88O2. This process is much employed in making sul- 
phuric acid. 5. By heating sulphur with manganese peroxidk 
MnO,. MnOj + 8, = MnS + SO,. 6. Sulphuric anhydride SO3 
= 80. As vapour, 80, occupies 2 vols. White, silken prisms. 
Melts at 18°. 3 0. ; boils at 43°. 3 C. • Great affinity for water, 
With which it unites with hissing, to hydkogen sulphate or 
sulphuric acid H2SO4. SO3 + HjO = H2SO4. SO, is con- 
tained in NOKDHAUSEN SULPHURIC ACID H2SO4 + SO3. This acid is 
a brown, fuming liquid of sp.gr. 1.9. Frep. of 80,. i . By gently 
heating Nordhausen acid ,* 80, sublimes. 2. By heating sodium 
ACID 81 LPHATE NaHS04. 2NaB[S04 = H20+Na2S04,SO„ then : 
Na2S04,S08 by greater heat = Na2S04 4- SO,, c. Hydrogen 
SULPHATE or sulphuric ACID H,S04 = 98. Is ** Oil of vitriol." 
A heavy fluid of sp. gr. i . 848, with an oil-like consistency. Boils 
and distils at 338^0. Ciitirs organic bodies. The most powerful 
acid, except at high temperatures. Di-basic. Many well-known 
sulphates : sodium sulphate Na2S04,roH20 is " Glauber salt ;'' 
BABTUH SULPHATE BaS04. ^^ " Hcavy spar ;'* strontium sul- 
phate SrS04, is ** Celestine ;" magnesium sulphate Mg804, 
7H2O, is ** Epsom salt ;" ZINC sulphate Zn804,7H20, is **Zinc 
vitriol;" cupRic sulphate OuS04,5H20, is " Blue vitriol ;" lead 
sulphate PbS04, is " Lead vitriol." All sulphates are soluble 
in water, except those of barium, strontium, and lead. Sulphuric 
acid has great affinity for water, hence its use as a "desiccator *' 
for drying gases. It forms with water two hydrates. Glacial 
SULPHURIC ACID H2S04,H20, sp. gT. 1 . 78. Boils at 224^0. 
Graham's hydrate or sulphuric di-hydrate H2804,2H20 con- 
tains 2 molecules of water. It has a sp. gr. of i .632 ; boils at 
1 76° C. Frep. of oil of vitriol H28O4. In leaden chambers. At 
the Felling Works, these chambers are 280' long by 20' wide and 
18' high. The essentials in the manufacture are : 80, ; HHO,; 
H2O ; and O2 from the air. Changes : a. SOg + 2HNO, = 
2NO2 + H28O4. b. SO2 unites with NOj and i molecule of 
water- to a crystalline body SOaNOjHjO, which by more water 
is broken up into NO + H28O4. c. NO unites with oxygen from 
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the air to NO,. Thua a very limited supply of HNO, acidifies 
almost unlimited SO.. The acid on the floor of the chamber is 
the second hydrate H,804,2H,0 with a little water. By evapo- 
ration in leaden pans, it loses hydratic water and becomes 
HsSOfjHjO; beyond this point the concentration must be 
completed in vessels of glass or platinum, till, by the further 
loss of HjO, we obtain H2SO4, when the process is stopped. 
Sulphuric acid is used in making : nitrio acid. NaNO, + 
HjS04 = NaHSO^ + HKO,. Carbonic anhydride. NajCOj -f 
HjSO^ = NaaS04 + H,0 + CO,. Hydrochloric acid. NaCl + 
H,S04 = NaHS04 + HCl. Or, 2NaCl + H,S04 = Na,S04 + 
sHCl. &c. &c. d. Hypo-sulphi'Rous acid H2S,H204 ; not isolated. 
Salts called hypo-sulphites. Sodium hypo -sr l » hitb Na,S,H,04, 
4H^0, is much used in photography, as it dissolves silver-salts, 
which are Insoluble in mere water. Thus : AgCl + Na,S2H,04 
= NaCl -f NaAgS,H204. Hyposulphites are made by digesting 
solutions of sulphites with flowers of sulphur ; they are imme- 
diately decomposed by acids into water, sulphir, and sul- 
phurous anhydride, 2 HCl -f- NaaS2H204 = 2H,0 + 2NaCl + 
S -f- SO,, [e. Di-THioNio ACID. HsSgO^. All dithionates are 
soluble in water. Prep. MnO, 4- 2 SO, = MnSjOg. At the same 
time a little MnSOf is formed. By barium hydrate BaH20„ 
BARIUM hypo-sulphate BaSgOg is obtained and manoanous 
hydrate MnHjO, precipitated. Then : BaSjO^ -h H,S04 = 
BaS04 + ^8,0^. Tri-thionic acid H2S,0e, in prisms. Decom- 
poses spontaneously into S, SO, and HjSO,. /. Tetrathionic 
ACID H,S4O0, decomposes by heat like trithionic acid. g. Penta- 
THiONic ACID HjSaOe. Most unstable.] 3. 8 with G. Carbonic 
SULPHIDE CS, = 76. A volatile, colourless liquid of sp. gr. i . 272 
at 15°. 5 C. Acrid, pungent taste, with the odour of cabbage- 
water. Insoluble in water, soluble in ethylic alcohol and ether. 
Inflammable in air to CO, and SO,. A great solvent of sulphur, 
phosphorus, essential oils, &c. Sulpho-carbonic acid HfCO,. 
SuLPHO- CARBONATES. Prep, of CS,. By passing 8 in vapour over 
red-hot charcoal. 

[VI. Selenium Se = 79.5. 80, = 159. 

6. Selenhm 8e = 79.5. Se, = 159. Selenium is a dyad 
element, never found native, and with the greatest analogy to 
sulphur. A brittle solid, with vitreous fracture and lustre, of 
brown colour, but red in transmitted light. Insoluble in water ; 
sp. gr. 4. 79. It melts at 100° C, and boils at 34?° C. Sp. gr. 
of its vapour at 1420° C. 5 .68. In sulphuric acid selenium is 
soluble. Like sulphur, it has several allotropic modifications. 
Compoonds. Se ^th H. Hydrogen selenidb H28e = 8i.5. 
" Hydroselenic acid.'* Colourless, inflammable gas, of 'sp. gr. 
40.75, compared with H, 11. 19 litres, weigh 40. 75 grammes. 
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Selenides. Pre/p. FeSe + 2HCI = FeClj + HjSe. Se vlth 0. 
a. Selenic OXIDE SeO = 95 . 5. A gas, with an odour as of horse- 
radish. 6. Selenious anhydride SeOj =111.5. White deli- 
quescent mass ; sublimes below redness. Selenous acid, 
HjSeOs, is di-basic. Selenites; alkaline are soluble. Trep. 
By burning 8e in O2, or oxydizing Se by HNO,. c. Selenic 
ACID H2Se04. Isomorphous with sulphuric acid. By heat into 
water, oxygen, and selenious anhydride. Di-basic. Selenates. 
Frep. Fusing Se with KNO3; solution and precipitation as 
PbSe04 and decomposing PbSeO^ by HjS. PbSeO^ -i- H^S = 
PbS -I- H^SeO^.] 

[Vn. Tellnrinxn Te = 129. Te, = 258. 

7. Tellurium Te = 129. Molecular weight Te, = 258. 
Barely native in Hungary. Chiefly as Ag, Au, Cu, Bi, and Pb 
tellurides. Metalline element, of tin-white lustre, closely allied 
to S and Se: like these elements, a dyad. Sp. gr. 6.65 : the 
vapour at 1 390° C. 9.0. Fuses at about 495° C. Burns, when 
heated in O, with blue flame edged with green to : Telluhous 
anhydride TeOj. Soluble in H2SO4. Compounds. Te with H. 
Hydrogen telluride HjTe = 181. Two vols. A gas with the 
odour of HjS ; soluble in HjO. Alkaline tellurides soluble. 
Frep. From zinc telluride ZnTe, by hydrogen chloride 
HCl. ZnTe + 2HCI = ZnCl^ + H^Te. TewithO. i. Tellurous 
ANHYDRIDE ToO,, in octohedral crystals, fusible at a red heat. 
Tellurous acid HgTeOg. Di-basic. Tellurites. Prep, of 
TeOj. a. By burning Te in Og ; 5. by oxydizing Te with HNO,. 
2. Telluric ACID H2Te04. In six-sided, striated prisms. Feeble 
acid. Di-basic. Tellurates. Prep, of a telluratb. By fusing 
Te or TeOj with KNO3.] 

Vm. Chlorine Gl = 85.5. CI, = 71. 

8. Chlorine CI = 35.5. Molecular weight CI, = 71. Not 
free in nature; chiefly as NaCl, KCl, CaCl,, and MgClj in sea 
water. Monad element. Discovered by Scheele in 1774. A 
yellowish-green gas, uninflammable, irrespii'able, sufibcating 
(antidotes NH, and ethylic alcohol CjH^HO). Its name from 
X^vphs^ yellowish-green. 2.37 vols, soluble in one vol. of water 
at 15° C. ; aqua chlorata. Supports combustion of many metals, 
and of compounds containing H. Under 4 atmospheres at 
15° C, becomes a yellow liquid of sp. gr. i*?^. Hydrate of 
chlorine C1,5H20, which crystallizes at o*^C. Chlorine bleaches 
and disinfects ; the latter, chiefly because of the H contained in 
most poisonous gases. Decomposes even HjO in the sunlight : 
hence an oxydizing agent. Thus : d, + SO, + 2H2O = H,S04 
-h ^HGl. 1 1. 1 9 litres of chlorine g^s weigh 35.5 grammes. 
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Sp. gr. 35.5 as compared with H. Salts called chlobides, all 
of which are soluble in water, except silyer chloride AgCl 
and MERCUROUB CHLOKroE HggClj ; lead chloride PbClj, with 
difficulty. Prep, of Gl,. i. Krom MANGAyESB peroxide MnO, 

and HYDROGEN CHLORIDE HCl ,' MANGANOUS CHLORIDE MuClj, 

remains : MnOj + 4HCI = MnClj -I- 2HjO + Clj. 2. From so- 

DICAI CHLORIDE NaCl, MANGANESE PEROXIDE MuOj and SULPHURIC 

ACID H2SO4 ; SODIUM and manganous sulphates remain in the 
retort. 2NaCl + MnO^ + 2H2SO4 = Na^SO^ + MnSO^ + 2H2O 
+ CI2. CSompotinds. Gl with H. Hydrogen chloride or hydro- 
chloric ACID HOI = 36.5. 2 vols. Colourless, pungent, in- 
combustible gas. r r . r 9 litres weigh 18.2$ grammes, r 8^ times 
heavier than H. Very acid properties. Water at 0° C. absorbs 
5 00 times its volume of the gas. Saturated solution at 4° . 5 C. has 
a sp. gr. of 1.21, and contains 43 per cent, of the gas: cannot 
be distilled as such without loss of HCl. The pure acid solu- 
tion of the laboratory has a sp. gr. of r . 11 at 15°. 5 0., and may 
be distilled unchanojed at r n °. 7 C. Common muriatic acid is 
also a solution of HCl, containing ferric chloride and sidphuric 
acid. Prep, of HCl. r. By the union of H and CI, equal 
volumes, in the sunlight or by heat. Clg 4- Hg = 2HCI. 2. From 
sodium chloride and sulphuric acid: 2NaCl+H2S04 = Na2S04 
+ 2HCI. Action op HCl upon NH3. HCl + NH, = NH4GI. 
Hydrogen chloride fumes with NH, in the formation of ammo- 
nium CHLORIDE NH4GI. Action op HCl upon metals. Upon 
monads : 2HCI + K, = Hg + 2KCI. Upon dyads : 2HCI + Zn 
= H2 + ZnClj. Action op HCl upon oxides. Upon monad 
oxides : Kfi + 2HCI - HjO + 2KCI. Upon dyad oxides : 
ZnO + 2HC1 = H2O H- ZnClj. Upon triad oxides : Fe^O, + 
BHCl = 3H2O + FcgClg. Upon tetrad oxides : SnOj + 4HC1 = 
2H5O + SnCl^. Action op HCl upon hydrates. KHO + HCl 
= H2O + KCl. ZnHjOj + 2HC1 = 2H2O + ZnClg. Fe^Kfi^ + 

6HC1 = 6fl20 + FCgClg. NlTRO-MURIATlC ACID or AQUA REGIA IS 

a mixture of HCl with HNO3, a solvent of An, Pt, &c. ; chlo- 
rides always formed. 6HC14- 2HNO3 = 2(NOCl2)+4H20-|-(a, 
free. [Nitrio oxy-chloride NOCI2, a dense^ red, fuming liquid 
below — 7° C, or generally a gas of a deep lemon-yellow colour. 
By water decomposed into NO2 and HCl : NOd, + H2O = NOj 
-h 2 HCl. Nitrous oxy-chloride NOCl, also formed in the pro- 
cess of action of HCl upon HNOg.] d with 0. i. Hypo- 
chlorous acid HCIO = 52.5. Formed by the action of HjO 

upon HYPOCHLOROUS ANHYDRIDE CljO. d^O + HjO = 2HC10. 

One vol. of water absorbs 200 vols, of the anhydride. Hypo- 
chlorites. Great bleaching agents. By gentle heat : 3KCIO 
= 2KCI + KClOg. Prep, of HCIO. From calcium oxy-chloride 
by distillation with H2SO4 insufficient to decompose the whole 
calcium salt. 2CaOClj -^ H^SO^ := CaSO^ -|- CaCl^ -f: 2HCIO. 
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rHYPOCHLOROUS ANHYDRIDB 01^0 = 87. 2 VOls. A gaS OOn- 

densible to a red liquid at —18° C, boils at 20° C. Prep, of 
CI2O. 2HgO -y 2CI2 = HgOjHgCla + CljO. 2. Chlorous acid 
HGIO2. A liquid possessed of great bleaching properties. 
Chlorites. Water absorbs 6 vols, of Chlorous anhydride 
CljOg, with which it forms chlorous acid. Cl^Oj + H^O = 
2HCIO2. Chlorous anhydride CljOj = 119. A gas of deep 
yellowish-green colour. Decomposes at 55° C. Dangerous pro- 
perties. Sp.gr. 39.66, as compared with H. The molecule 
occupies 3 vols. Frep. 2HNO2 + 2KCIO8 = 2KNO8 + HjO + 
GI2O,.] 3. Chloric Acm HClOg = 84.5. A syrupy, powerfully 
acid liquid : decomposes above 38° 0. 8HC108 = 2H2O + 3O2 
H- 2CI2 -h 4HCIO4. Salts called chlorates, all of which soluble 
in water. KCIO3 the chief source of oxygen. 2KCIO, by heat 
= 2KCI + 3O2. Frep, of HClOj. 2KCIO8 + 2Hi',SiF, = 
2KF,SiF4 + 2HCIO8. N.B.— When CI2 is absorbed by potassium 
hydrate, potassium chloride and chlorate are formed : 6KH0 + 
3CI2 = 3H2O + 5KCI + KClOj. [4. Chlorine peroxide CIO2 
= 67.5. Gas of deep yellow colour, less irritating than CI. 
Explodes at 63° C. At —20° C, a red liquid. Frep. of CIO2. 
3KCIO, -f 2H2SO4 = 2KHSO4 + H2O + KCIO4+ 2CIO2. Water 
dissolves 20 vols., but the solution has no acid properties. 
«;. Perchloric acid ECIIO4 = 100.5. -^^ oil-like liquid, which 
forms with water a crystalline hydrate. Distils at no C. 
Salts, perchlorates. Frep. of HCIO4. 8KCIO3 -h 4H2SO4 = 
4K2SO4 + 2H2O 4- 3O2 + 2CI2 + 4HCIIO4. Potassium pehchlo- 
RATE KCIO4 can be obtained in making O from KCIO,, if the 
process be broken off when the fluid mass begins to be pasty : 
2KCIO8 = KCl -f O2 + KCIO4.] CI with N. [Chloride op 
nitrogen NCl3,NHCl2 ? Liquid of sp. gr. 1.6^3. Highly ex- 
plosive. Spontaneously below 100° C. Frep, by the action of 
CI2 upon NH4CI in solution.] CI with C. [Carbonic chloride 
CCI4 = 154. (Jolourless liquid ; boils at 78° C. Ethylene 
chloride C2CI4 = J 66. Volatile, colourless liquid. Sp. gr. i .619. 
Boils at 120° C. From the vapour of C2Cle at a red-heat. 
Carbonic sesqui-chloride C2C1<, = 237. White, crystalline, 
aromatic substance; melts at 160° C. Carbonous chloride 
CjCLj = 95. Carbonic oxy-chloride COCI2 = 99. Gas, colour- 
less, suffocating. By water, decomposed : COCI2 + HgO = 
2HCI + CO2. Frep, from equal vols, of CO2 and CI2 in the 
sunshine.] CI with S. [Sulphurous chloride S2Cl2=i35. 
Yellow, volatile liquid. Sulphuric chloride SCI2 = 103. 
Deep-red fluid.] 

IX. Bromine Sr =^80. BTj = 160. 

9. Bromine Br = 80. Molecular weight Br2 = 160. Never 
native. Monad element, closely allied to chlorine. In sea 
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water as HgBrj. Also in springs at Kreuznach. Br is a thin 
red fluid, irritating, poisonous. Its name from fipd/xosy a bad 
smell. 8p. gr. of the liquid at o° C. 3.187. Boils at 63° C. 
Solid below —20° C. Little soluble in water. Its hydrate 
Br,5 HjO. Very soluble in alcohol, and still more so in ether. 
II. 19 litres of the vapour weipfh 80 grammes. Bromides are 
the salts of bromine. Resemble chlorides. Decomposed by 
HNO,. Prep, of Br^. MgBr^ + Clj = MgOl^ + Br^. Also : 
2KBr + MnOj + 2H2SO, = K28O4 + MnS04 + 2H2O + Br,. 
Compounds. lEbrwithH. [Btdbobhomic acxdHBt = 81. 2 vols. 
A gas, ir. 19 litres of which weigh 40.5 grammes. Its solu- 
tion, HBTfSHsO, is a colourless, fuming liquid of sp. gr. i . 4B6, 
contains 47 per cent, of HBr; boils at 126° C, and distils. 
Oxydizes in part on exposure to the air, with separation of Br,. 
Solution decomposed by CI,. Forms bromides and water, by 
contact with metallic oxides and hydrates. 2HBr + CI, = 
2HCI + Br,. Prep, of HBr. i. jKBr + HaPO^ = K3PO4 + 
3HBr. 2. SBr, + 2H2S = S, -|- 4HBr. 3. PBr, -f 3H,0 = 
H2PHO3 + 3HBr.] Br with 0. [i. HTPOBBOMors anhydride 
Br,0. 2Br2 -f HgO = HgBr, + Br,©. By water into hypo- 
BROMors ACID HBrO. H-O + Br,0 = 2HBrO. 2. Bromio acid 
HBrO, = 129. More stable than HCIO,. Prep. BajBrO, 4- 
H2SO4 = BaS04 + 2HBr08. The action of Br, upon KHO, 
similar to that of CI2. 6KH0 + 3Br2 = 3H2O + sKBr + 
KBrOg. PoTASSU'M bromate KBrO, is separated by crystal- 
lization from water. 2KBr03 by heat =302 + 2KBr. 3. Per- 
BROMic ACID HBr04. From HOIO4 by Brj. 2HOIO4 4- Br, = Cl^ 
+ 2HBr04.] Br. and N. [Bromide of nitrogen HBr,. An 
oily, detonating fluid.] 

X. Iodine I = 127. I, = 254. 

10. Iodine = 1.127. Molecular weight I, = 264, Never na- 
tive. Monad element, like CI and Br. Discovered by CourtoiB 
in 18 II in the ashes of seaweed. Occurs as Nal in sea-water ; 
also in various springs. A solid, of lead-grey, metallic lustre, 
resembling plumbago. Fuses at 107° C. Boils at r»o° C. Sp. 
gr. of I 4.95. Little soluble in water ; very soluble in alcohol 
(tincture of iodine) and ether. 1 1 . 19 litres of its vapour weigh 
127 grammes. The vapour is violet-coloured, whence the name, 
from l(&Jiris. Salts called iodides. Silver iodide Agl is yellow, 
insoluble in H,0, in HNOg, and in NH,. Mercuric iodide 
Hgl,, is scarlet, and insoluble in H2O. Mercuboi'S iodide 
Eg,I, is green, and insoluble. Lead iodide Fbl, is yellow and 
insoluble in water. Chief test for free iodine is starch, which 
forms purple iodide of starch. Prep, of I,. From the ash of 
seaweed, after removal of various salts : 2NaI + MnO, + 
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jHjSO^ = Na,S04 + MnS04 + 2H3O + 1,. Compounds. I with 
E. [Hydriodio acid HI = 128. Colourless gas, irritating, 
fuming. Very soluble in water. 1 1 . 1 9 litres weigh 64 grammes. 
Gondensible to a fluid below —55° 0. Slowly and completely 
decomposed in air. Also by Gl and Br. Tr&p, i. 2H2S + 2^ 
= 82 + 4HI. 2. H, + iJLfi = HjPHO, + 3HI. 3. 8KI + P4 
+ lol, -f 16^0 = 4K4HP0. + 28HL 4. SKI 4- H,P04 = 
K,P04+ 3HI.J I with 0. [i. Iodic acid HIO, = 176. In 
crystals. Salts called iodatbs. J^rep. i. By oxydizing I with 
HNO,. 2. Ba2I0, + H,804 = BaS04 + 2HIO,. 3. I, + 6HjO 
4- sOlj = loHOl + 2HIO8. By carefully heating HIO, to 170° 
C., we obtain iodic anhtdbide I2O5. Frep. 2HIO, = HjO + 
^^O^. 2. Peb-ioi>io Acn> HIO4 = 192. In crystals. "Prep. i. 
2HOIO4 + I, = CI2 + 2HIO4. 2. NalO, + 2NaH0 + CI, = 
2NaOi + H2O + NaI04. Then : 2NaI04 + Pb2C8H,0, = 
2NaC,H,Oj 4- Pb2l04. Again : Pb2l04 + HjS04 = PbS04 + 
2HIO4. Peb-iodic anhydride lfi^ results when IUO4 is heated 
to 160° C. 2HIO4 = H,0 + l^Oy.] I with H. (Iodidb of 
NiTBOGEN HI, and NHI2. A black, detonating powder. JPrep. 
3NH, + 2I, = 2NH4I + HHI,.] 

ZI TliioxiiieI' = 19. 72=88? 

1 1. Fluorine 7 = 19. Molecular weight probably F, = 88. Mo- 
nad element. In combination with calcium, as calcium fluoiode 
CaF,; also in kryolite and apatite. Probably a gas; with 
most powerful affinities. Salts called fluobides. Componnds. 
F with H. Htdbogen fluoride or htdbo-fluobic acid HF = 20. 
Colourless gas, very corrosive. 11*19 litres weigh 10 grammes. 
The hydrate HF,2H20 is a fuming volatile liquid of sp. gr. 
1*15 ; boils at 120° C. Etches glass, by uniting with the sili- 
con, Si, of the combined silica BiO,; silicon fluoride SiF4 
escapes as a gas, whilst water HjO, is simultaneously formed : 
4HF + Si Oj= 2HjO + SiF4. Frep, of HF. CaF, + H^SO. 
= CaS04+ 2HF. Distilled from leaden retorts. The acid 
must be preserved in vessels of silver, lead, platinum, or gutta 
percha. 

Xn. FhosphfliniB F = 81. P4= 124 = 2 vols. 

12. Phosphorus F = 31. Molecular weight, F4 = 124. A 
triad element ; never found native. A constituent of the bones, 
of vertebrata, of urine ; in brains and nerves, in primitive and 
volcanic rocks. Discovered by Brandt in 1669. Called phos- 
phorus from its luminosity in air, from ^m light, and ^o^hs 
bearer. Allotropic : di-morphous. 5 varieties. P*. A colour- 
less, wax-like solid, ofsp.gr. 1.83; melts at 44° C; boils at 
290° C. Insoluble in water ; soluble in CS-, PC1„ and in 82CI2, 
slightly soluble in ether. Crystallizes in rnombic dodecahedra. 
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Very poisonous. Inflammable at 46° C. ; bnms to PHOSPHOBors 
P,0„ or PHOSPHORIC ANHYDRIDE PjOa, depending upon the 
quantity of O present. 11.19 litres of phosphorus vapour 
weigh 62 grammes, viz., twice the weight of the atom. Used 
in matches and medicinally. P^. Under water, exposed to 
light, common changes into P^. It is white and more dan- 
gerous to handle ; sp. gr. i • 5 15. At 50° C. changes into com- 
mon. P> is black, obtained by frequent and sudden cooling of 
melted phosphorus. By fusion and slow cooling, returns to 
common P*. P* viscous, like Sy. By heating P« to 260° C, 
and sudden cooling. P* Red powder of sp. gr. 2. 14. Insoluble 
in all media. Not poisonous. In Bryant and May's matches. 
Returns to Pa at a temperature of 260° C. Prep, by heating 
common P* between 235°— 250° C, in tubes from which the 
air has been expelled, for 30-40 hours. Prep, of common P«. 
I. By conversion of calcium obthophosphate Ca,2P04 into 
calcium hydrogen orthophosphate CaH42P04 by means 
of sulphuric acid H^SO,. CajiPO^ + iH^SO^ = 2CaS04 + 
CaH42P04. 2. By heating the latter salt to bright redness 
with charcoal, and collecting the P4 under water. 3CaH4 
2PO4 4- 16O = Ca,2P044- 6H2 + 16CO + P4. Compounds. P 
withH. I. Phosphorus hydride PH,= 34. 2 vols. Is the com- 
mon phosphoretted hydrogen. A colourless gas, of offensive 
odour as of putrid fish ; insoluble in water. 11 . 19 litres weigh 
1 7 grammes. Inflamed, it burns to H-O and P2O4 ; 2 vols, of 
the gas require 4 vols, of O for full combustion. It is the ana* 
logue of nitrogen hydride, or ammonia NHg. [Unites directly 
with I to PHOSPHOROUS IODIDE PIj and hydriodic acid HI ; and 
with phosph-ammonium to phosph-ammoxium iodide PH4I. 
PHg + HI = PH J. PH, does not unite with other acids to 
form salts. Reduces silver salts : PHg + 4H2O -f SAgNOj = 
4Ag2 + SHNOg + H8PO4. "With cupric sulphate forms cupric 
phosphide : 2PHg + 3CnS04 = 3H2SO4 + CUgP^.] Prep, of 
rHg. I. By heating phosphorous acid HjPHOg. 4H2PHO3 = 
3HgP04 + PHg. 2. By heating hypo-phosphorous acid HPHjOj. 
iHPHgOa^HaPO.H-PHg. 3. By boiling P4 with liquor 
potasBBB. P4 -h 3KHO -I- 3H2O = 3KPH2O2 + PH3. [N.B. 
In the latter process, liquid phosphortls hydride is formed, 
which renders it spontaneously inflammable in air. 2. Di- 
PHosPHORUs tbtra-hydride H4PJ is liquid, and spontaneously 
inflammable. Tktra-i>H08phoru8 di-hydride H2P4, is solid. 
Prep. By passing H4P, into HCl. 5H4PJ, = 6PHj + H2P4.] 
P with 01. [r. PnobPHoRous chloride PCl8= 137.6. Olour- 
less, volatile liquid, of sp. gr. 1.45 ; boils at 78° 0. Decom- 
posed by water into HCl and phosphorous acid HjPHOg. 
Thus: POL -I- 3H2O = 3HCI -f H^PHOg. Solvent of P. and 
8g. Prep, fey the action of 01 upon excess of P. 2, Phos- 
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PHOBIC CHLOBCDE PCI5 = 2o8'5. Solid, crystalline body, vola- 
tile below icx)° C. By water into HCl and obtho-phosphobic 
ACID H,P04. PCII5 + 4H,0 = 5 HCl + HgPO^. Prep. By pass- 
ing CI, into PCl3=PCla. Phosphobic oxy-chlobtde F0CI1,= 
153 '5. A liquid of sp. gr. 1.7, boils at 110° C. Prejo, i. By 
the action of one molecule of water upon phosphoric cnloride : 
PCI5 + H2O = 2HCI + POCI3. 2. By the action of PCI5 upon 
iriHYLic ALCOHOL. PCI5 + CgH^HO = CH3,CH,C1 + HCl + 
POCl,. PHOSPHOBIC SULPHO-CHLOBIDE FSGls — " 1 69. 5. Liquid; 
boils at 128° C. Frep. By H^S upon PCl3 = 2HCl+PSCla.] P 
with Br. [PBr, and PBr,.] P with I. [Pis and P,!^.] P with 0. 
I . Phospmobic anhydbide P2O5 =142. Deliquescent, snow-white 
solid. By water into metaphosphobic acid HPO3'. P2O3 -f H^O 
= 2HPO3. Prejj. By burning P in O. '^A-^S^2='^^fii' 2. Phos- 
phobous anhydbide PjO, = no. Snow-white powder, with 
greedy affinity for O^ and for water. By contact with water into : 
PHOSPHOBODS ACID R^O,. Thus : P2O3-I- 3H2O = 2H2rH08. 
Prep, of P2O,. By the slow and incomplete oxydation of 
P. 3. PHOSPHOBIC oxide P40=i4o. A red powder, always 
formed in the incomplete combustion of P4. The acids op 
Phosphobus, five in number; besides the hexa-basic and 
dodeca-basic phosphoric acids, i. Hypophosphobocs acid 
HPH202= 66. A feeble acid : can be obtained of syrupy con- 
sistence. Monobasic. Hypo-phosphites. By heat into PH3 
and HjPO^. See PH,. Prep. From Ba2PH202 + H2S04 = 
BaSO4-t-2HPH202. 2. Phosphobous acid H2PH0, = 82. In de- 
liquescent, rectangular prisms. Di-basic. Phosphites. At a 
red heat into PH, and H3PO4. See PH3. Prep. Most readily 
from phosphorous chloride by water : PCI3 -f- 3H2O = 3 HCl -|- 
H2PHO3. 3. Phosphobic acids. Meta-phosphobic acid HPO3 
= 80. The so-called '* glacial " phosphoric acid. Very soluble in 
water and precipitates albumen. Mono-basic. Meta-phos- 
phates; those of Ag and Ba white, and soluble in HNOj. 
Prep. By heating obtho-phosphobic, H3PO4, or pybo-phos- 
PHOBic acid H4P2O7, to redness. Thus : H8PO4 = HgO -f 
HPO3. Or: H4P2O7 = H2O -f- 2HPO3. 4. Pybo PHOSPHOBIC 
ACID H4P2O7 =178. In crystals, by evaporation in vacuo. Tetra- 
basic. Pybo-phosphates : Ag and Ba pyro-phosphates, white 
and soluble in HNO3. Prep. By heating obtho-phosphobic 
ACID H,P04 to 213°. Thus : 2H3PO4 = H2O -f H4P2O;. From 
lead pybo-phosphatb PbgPgOy by 2H2S = 2PbS -|- H4P2O7. 
(SoDrcM pybo-phosphate Na4P20; is obtained by heating di- 
soDiUM hydbogen-obtho-phosphate Na2HP04 to low redness : 
2Na2HP04=H20-f Na4P207. Lead pybo-phosphatb PbaPgO;, 
is obtained by adding lead acetate Pb2C2H802 to a solution 
of sodium pyro-phosphate. Thus : 2Pb2C2H302 + Na4P20, = 
4NaC2H,02 + Pb2P207.) 5. Obtho-phosphobic acid H,P04= 
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98. Is normal ** phosphoric acid.*' When a phosphate is 
spoken of, without any prefix, an ortho-phosphate is meant. 
Ordinary "bone phosphate" is calcium obtho-phosphatb 
Ga,2P04; from it all phosphates are made. H,P04 can be 
obtained in crystals. Tri-basio. Obtho-phosphateb. Silyeb 
ORTHO-PHOSPHATE Ag,P04, is ycllow and soluble in HNO,. 
Babiuh obtho-phospuate Bas2P04 is white and soluble in 
HNO,. Magnesium obtho-phosphate MgHP04 is white, 

Sanular, crystalline, nearly insoluble in water. Ammonium 
AGNESiuM obtho-phosphatb NH4MgP04,6H,0, or "triple 
phosphate," is changed by heat into magnesium ptbo-puos- 
phate MggPsO,, TOO parts of which contain 63 .96 per cent, of 
PjOj. Prep, of HgP04. a. By boiling PA or HPO, or H4P,0, 
with water for some time. 6. By oxydizing P with HNO,. 
0. In an impure state from calcium ortho-phosphate by excess 
of H,804. 

XTIT. Anenionm Ai = 75. Af4= 800. 

13. Absenicum As = 76. Molecular weight AB4 = 800 = 
2 yols. Rarely natiye. A triad element like phosphorus. 
Brilliant, steel-grey, crystalline solid. Sp. gr. 5.6 to 5.95; 
volatilizes without fusion at 180^ G. 11 . 19 litres of the vapour 
weigh 150 grammes. Tarnishes in air, and bums with bluish- 
white flame to absenioub anhydbide AsjO,. Inflames in 01. 
By HNO, into absenic acid H,As04. AUoys with Pb and 
other metals. Found principally as mispicksl FeAsS; tin- 
white cobalt GoAs,; cobalt-glance GoSAs; nickel-glance 
NiSAs; kupfeb-nickel NiAs; absenical nickel NiAs,. 
Frep. of A84. 2As20g -1-30 = 300, 4- AS4. N.B. Arsenicum 
soluble in GaOGl,. Compounds. — As with H. Absenicum 
HYDBIDE AsH,= 78. 2 vols. Golourlcss gas, with garlic odour ; 
highly poisonous. Known as absenieti-ed hydbogen. At 
— 40^0., a limpid liquid ; bums with bluish-white flame to 
H,0 and absenious anhydbide As^O,. 2AsH, -f- 3O2 = 3H2O 
-f ASfO,. Reduces silver nitrate ; absorbed by cupric sul- 
phate. Heated below redness in absence of air, deposits steel- 
grey crust of As, and H separates. Bumt in insufficient air : 
4AsH, -(- 3O2 = 6H2O -h A»4. Prep, of AsH,. a. From Zn,As, 
-I- 3H2SO4 = 3Zn804 + 2As3B[,. 6. H,AsO, + 3H, = 3H,0 -h 
AsH,. Ai with CI. Absenious oblobtde AsG1,= ibi .5 ; 2 vols. 
Golourless liquid, of sp. gr. 2.2. Boils at 132^0. By water, 
into HCl and H,AsO,. A«Cl,-f- 3HjO= 3HCl-hH,AsO,. Prep, 
of AsGl,. a. Buming Ab in 01. h. By distilling AS4 with 
mercuric chloride : AS4 + i2HgOl2 = 6Hgfil^ + ^AsCl,. [As 
Br,. Asl, brick-red powder. AsF,.] As with 0. Ajssenious 
anhydbide A8303=I98 = i vol. A rare mineral. In 2 modifi- 
cations : vitreous and crystalline. When recently sublimed, 
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amorphous, yitreoas, of sp. gr. 3 . 738 : by keeping, opaque, crys- 
talline, porcelain-like, sp. gr. 3 . 699. Vitreous the more soluble. 
Water at ioo°C. dissolves between 11 and 12 percent. More 
soluble in HCl. The powder heavy, difficult to moisten ; softens 
at 193^.30. and sublimes in octohedra. Poisonous: antidotes, 
magnesia and precipitated ferric hydrate. ABssNiors acid 
H,AjbO,= 126. Tri-basic ; salts ABSENiTBS. Prep, of Ab,0,. By 
roasting arsenical ores or by burning As,. Abqentum absenite 
AggAsO, is canary-yellow, soluble in HNOg and in NH,. 
CuPRio HYDROGEN ARSENiTE CuHAsO,, is Schecle's green, 
soluble in NH, and in HNO.. Arsenio anhydride AMfi^=^ 
230. Obtained by strongly heating arsenic acid HsAbO^. 
2H,As04 = 3H2O + AsjOfi. Orth-arsenio acid H3As04=148. 
In needles. Tri-basic. Salts ; orth-arsenates, many of which 
are isomorphous with the ortho-phosphates. Silver orth- 
ABSENATE AggAsO^, is livcr-brown, soluble in NH. and in 
HNO,. Ct'PRio ORTH-ARSENATE CuHAsOf is bluc and soluble 
in NH, and in HNO,. Met-arsenic acid HAsO,, and fyr- 
ABSENio ACID M^ABfijj also cxist. As aad 8. a. Di-arsenicum 
di-bulphide A82Sa=214. Is "realgar." Native, in ruby-red 
crystcds of sp. gr. 3.5. Also prepared artificially: 4As,0, -|- 
7B2 = 6SOs + 4A82S2. b. Arsenious sulphide As^S, = 246. 
Galled "orpiment" or " sulph-arsenious anhydride." Native. 
Yellow, sobd, of sp. gr. 3,5. Soluble in IhH.,, in KHO, in 
NH^HS, and in NH^HCO,. Prep. 3H2S + 2As01, = 6HC1 + 
As,S,. Dissolves in potassium hydrate. As^S, 4- 4KHO = 
H,0 + K,HAsO. -f EjHAsS,. c. Arsenic sulphide As,S, = 
310. Yellow substance obtained by the fusion of S, with 
AsgS,. Also called " sulph-arsenio anhydride." 

XIV. Stibiun or Antimony Sb = 122. Sb^ = 488. 

14. Stibium Sb = 122. Molecular weight Sb4=488=:2 vols. 
A triad element, like phosphorus and arsenicum. White, 
lustrous metal; brittle, crystallizing in rhomboids. Sp. gr. 
6.7. Melts at 62i°0. Bums, when strongly heated, to anti- 
MONOus OXIDE Sb,0,. By strong HOI into SbOl,. By HNO, 
into MET-ANTiHONio ACID HSbO,. Chief ore of antimony, anti- 
Mosous SULPHIDE SbjS,. Prep, of Sb. a. 2Sb,S,+6Fe=6FeS 
+ 8b4. b. 2Sb,0,+ 60 = 600 + Sb^. GompoondB.— Sb with H. 
Antimonous hydride SbH,; or antimonietted hydrogen; 
colourless gas, burning with greenish flame to H„0 and anti- 
monous OXIDE SbjO,. Burnt with limited supply of O, into 
H,0 and Sb. Thus : 4SbH, + 30, = 6H,0 4- Sb,. The Sb 
thus deposited is easily dissolved by (N 114)28. Heated to 
redness, in absence of air, into Sb and H. Prep, of SbH,. 
a. From any compound in presence of nascent hydrogen : SbOl, i- 
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3H,= 5HCl+SbH,. h. Zn^ + 6HC1= 3ZiiCl,+ iShH,. E(b 
wiUi Ci. Antimonous chloride S1)C1-=288.5 = 2 vols. Deli- 
quescent mass, fuses at 72° C, and boils at 225° C. Decom- 
j)osed by H,0 into antimonous oxY-CHLORroE SbOCl. SbCl, + 
HjO = 2HCI + ShOCl. Prep, of SbCl,. o. By burning Sb in 
d. h. By dissolving Sb^S, in HCl, and then distilling : Sb^S, 
+6HC1 = 3H,8+ 2BWH3. c. By distilling antimonous sul- 
phide SbjS, with MERCL'Rio CHLORIDE HgCl,. Thus : Sb2S,+ 
3 HgClj = 3HgS + 2 SbCl,. Antimonic chloride SbClj = 2 99 . 5 . 
Colourless fluid, solid below o°0. Volatile. By 62^ into 
2HCI and ANTIMONIC oxy-chloride SbOd,. But, by excess of 
water, into orth- antimonic acid TLJSbO^. Thus: SbCl5+ 
4H2O = 5HCI + E^SbOf. In the same manner, by H2S, antimo- 
nous chloride is changed into antimonic sulpho-chloride SbSCL. 
Thus : SbCl, + H,S = 2HCI + SbSCl,. Prep, of Sbd^. a. By 
burning Sb in excess of CI. 6. From SbCl,+Cl2=SbCla. [SbBr, 
fuses at 90° C. and boils at 270°. SbBr, + Kfi = 2HBr + 
SbOBr. Sblg, Bywater : Sbl,+ HjO = 2HH- SbOI. SbPJ 
Bb with 0. I. Antimonous oxide SbjOg = 1^92. Native, as 
white antimony ore, in prisms. Grey-white powder, yellow on 
heating, soluble in HCl and in H2C4H4O8. Has basic pro- 
perties. Burns in air into antimonous-monic oxide SbjO^ or 
SbjOgjSbjOs. Prep, of Sbfi^ a. By burning Sb in O. b. By 
pouring SbCl, into a boiling solution of sodium carbonate 
2Sb01,-}- 3Na2C08= 6NaCl -h 3CO2 + SbjOj. c. From metan- 
TiMONOUS ACID HSbO, at 100° C. 2HSb02 = H2O -h SbjOa. 
[2. Metantimonous acid HSb02=i55- Forms metantimo- 
nttes. Prep. By pouring SbCla into a cold solution of NajCO,. 
2Sb0l3 + 3Na2C08 + H2O = 6NaCl + 3CO2 4- 2 HSbOj. 3. An- 
timonous- antimonic OXIDE Sb204= 308. Native. Obtained by 
strongly heating SbgOj in the air. 2Sb203 -1-02= 2Sb204. Also : 
^SbjOg by strong heat =02+ 2Sb204.J 4. Antimonic anhy- 
dride Sb205= 324. Pale, yellow powder. 3 acids. Fused with 
potassium carbonate, forms potassium metantimonate KSbO,. 
Thus : SbgOg -f- K2CO3 = CO2 -f- 2KSb08. Orth-anitmonic acid 
HgSbOf. Little known. Formed (?) by the action of 4H2O 
upon SbOlg = 5 HCl -\- H38b04. Metantimonic acid HiSbO,. 
By HNO, upon Sb. 8HNO3 + Sb^ = 2N2O, + 4NO -h 2H2O -j- 
4HSbOs. With KH0=H20-f- potassium metantimonate 
KSbOg. Pyr-antimonic acid H4Sb207; is the metantimonic 
acid of Fremy. It is tetra-basic, and corresponds with H^PjO^ 
and H4A82O7. From potassium dihydrio pyr-antimonate and 
HCl. K2H2Sb20, -h 2HCI = 2KCI + H4Sb20, Solution of 
K2H2Sb20y employed as a test for sodium ; NagHgSbgO^SHjO is 
precipitated. Sb and S. Antimonous sulphide Sb2S3= 340. 
Native as stibnite or grey-antimony ore. Orange when preci- 
pitated ; soluble in HOI and in NH4HS ; not in NH4HCO8 and 
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but little in NH,. Employed in making HjS. ThuB : 
SbjSj + 6H01 = iSbCla + sH^S. Chiefly in making the metal. 
The mineral first roasted and change<£ partially into SbgOg. 
Thus: 2Sb2S3 + gO^rzeSOj + ^SbgOj. A portion of SbjS, re- 
mains unchanged, and therefore it is fused with sodium carbo- 
nate : Sb^, 4- sNagCOj = 3NajS + 3CO2 + SbjOg. Lastly, 
Sb^O, is reduced with charcoal : ^SbsO, + 60 = 6C0 + Bb^. 
Stjlph-antimonites. Antimonous oxy-distlphide SbsOSj, na- 
tive as " red-antimony/* Antimonio sulphide Sb^B, = 404. 
Or ** sulphantimonic anhydride.* Orange-red, soluble in alka- 
line sulphides. Prep, of BbjBg. aSbClj -h sH^S = lo^Cl + 
BbjSs. 

XV. Bismutli Bi = 210. Bi« (1) = 840. 

15. Bismuth Bi = 310.— A triad element, chiefly native in 
quartz : extracted by fusion. Hard, brittle, lustrous, reddish- 
white metal. Sp.gr. 9.799. Melts at 264^0. Crystallizes in 
rhomboids. Burns in 01. HCl little action. HNOj dissolves it 
readily. Oxydizes readily at red heat. Bismuthio chlobide 
BiCl, = 316.5. Fusible, volatile, deliquescent. By water, into 
BiSMUTHic oxt-chlobide BlOOl. Thus : BiOlg + H-O = 2HOI 
+ BiOOl. "Pearl-white" is 2Bi001,H20, and insoluble in H^O^ 
tifi^. Prep, of BiGlj. a. By burning Bi in 01 ; h. by distilling 
Bi with HgOl,. Bi^ + i2HgOl2 = 6Hgj01, + 4BiClj. Bismu- 
THiCBBOMiDEBiBr,. Oxy-bkomide BiOBr. Bismuthic iodide BU,. 
OxY-iODiDE BiOI. Bi and 0. Bismuthous oxide BiO ; is velvet- 
black. Burns in air to Bi^O,. Little known. Bismuthic oxide 
Bi203= 468. Yellow powder, fusible at a red-heat. Basic. ItsoxY- 
htdbate BIHO, or Bi20„H20 ; white, insoluble in KHO and in 
NH,. Prep, of BijO,. By heating the nitrate to redness. Bis- 
muthic NiTBATE BiSNOsf&HjO. Transparent prisms obtained by 
dissolving Bi in NHO,. Diluted witn water, decomposed into 
bismuthic sub-nitbatb Bi20„2HN08. A white powder, known 
as " Magistery of bismuth." Bismuthic anhydbide BijOj = 500. 
Brown powder. By heating bismuthic acid HBiO,, to i30°0. 
Bismuthic acid HBtO,. Bed powder. Obtained by passing 01 
through solution of KHO containing suspended BijOg. Thus : 
BijO, + 2OI2 + 4K:H0 = 4KOI + HjO + 2HBiO,. Bi and 8. 
Bismuthic sulphide BijSs = 516. Native in needles, as bismuth- 
glance. Sp. gr. 6.4. Precipitated from BiOl, by H^S, as brown 
deposit. Insoluble in MH4HS. 

ZVI. Boron B = 11. B, = 22. 

i6. BoBON B = 11. — Molecular weight B, = 22. A triad 
element. Never native. Like carbon and silicon, in 3 allotropic 
modifications. B<^. Amorphous boron, a dull greenish powder, 
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bums to BjO, when strongly ignited in air. Attacked by HNO,, 
Gl, fusion with alkalies, &c. Vrep, a. BjO, + ^Na, = sNajO 
-f B,. 6. 2BCU + 3K, = 6KC1 + Bj. 0. 2(2KF,BF,) + 3^2 
= loKF + Bg. B0. Graphitoid boron, in scales of graphite-like 
lustre. Acids no action. Pre/p. Al, + 2BCI, = ^AlOlg + 2B^. 
By diamond boron, in square octohedra of cupreous lustre. Sp. 
gr. 2.68. Scratches rubies. jPrep. Alj + B^O, = AljO, + By. 
Boron CHLORIDE BGl, = ii7*5* Liquid of sp. gr. 1.35. Boils 
at i7°C. BCl, + 3H8O = 3HCI + HBO„H,0. Pr«p. of Bd,. 
BA + 3OI2 + 3C at bright-red heat = 3OO + 2BCa,. BBr, = 
25 1. A liquid of sp. gr. 2 . 69. Boils at 9o°0. Boron fluoridb 
ISS^ = 68. Colourless gas, irritating, irrespirable. Fumes in 
air. Water dissolves 700 vols, of the gas, and forms an acid, the 
HTDRO-PLUO-BORio ACID HF,BF,. 4BF3 + 3H2O = HB0„H20 
+ 3(HP,BP,). Prep, of BFa- BjO, + 30aF, + 3H,S04 = 3(0a 
804,H20) + 3BF3. B and 0. Boragio anhydride B,0, = 70. 
Fuses to a transparent glass, which remains clear on cooling. 
Prep, by heating boracic acid to redness. 2(HBO„H20) = 3H-O 
+ B2O,. BoRAcio ACID EB02,H20 = 62. Contained in the 
steam escaping firom the fumerolles of Tuscany. In pearly 
scales, soluble in three parts of boiling water. Turns turmeric 
brown. Soluble in alcohol, and gives to the flame a green 
colour. Gradually decomposes carbonates. Borates : those of 
the alkaline metals soluble in water. All borates soluble in 
HNO,. At 100° : 2(HB02,H20) = 3H2O + BjO,. " Borax " is 
SODIUM Bi-BORATE NajB^O,, EoBLO, the chief salt. The acid 
made from it : Na,B407 + 2HCI + sHjO = 2NaCl + 4(HB02, 
HjO). [Boron nitride BN = 25. Grey mass, obtained by heat- 
ing B m N, and by heating liorax with ammoniiun chloride. 
Na,BA + 4NH4OI = 2NaCl + 2HOI + 7H,0 + 4Bir. Heated 
with potassium hydrate : BN + 3KHO = NH, + E,BO..] 

XVn. Siliooii Si = 28. 

17. Silicon SI = 28. — ^A tetrad element, never found native. 
Like carbon, in three allotropic modifications : Sia. Amorphous. 
A brown powder, only acted upon by HF, which dissolves it, 
with loss of 2H„ as 2HF,SiF4. Bums in air to SiO,. Prep, of 
Sia. a. 2KF,SiF4 -1-21^ = 6KF + Si. 6. Also : Sia4 + 2K, 
= 4KCI + Si. Afi. Graphitoid. Hexagonal plates of sp. gr. 
2.49, with metallic lustre. Conducts electricity. Does not 
bum in O ; slowly oxydized by mixed HF and HNO,. Prep, of 
Si/3 : by fusion of Sia with Al, and dissolving out the latter in 
HCl. Siy. AdaTtiantine Silicon. Steel-grey. Prep, of Siy. By 
heating Al, in the vapour of SiClf. 38iOl4 + 2AI2 = 2 AlsGl« + 
Si,. Si wiUi H. Silicon htdride AR^ = 32. Colourless gas ; 
inflames spontaneously in air ; SIH^ -|- 20, = 2H2O + SiO,. 
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Prep, of 8iH4 : Mg^ + 4Ha = iMgOl, + BiH^. [tt with OL 
Silicon chlobidb f&Glf = 170. Colourless, pungent, irritating 
liquid. Sp. gr. i . 5 2. Boils at 5 9°0. By water, into HCl and 
OBTHO-fliLicio ACID H4Si04. SICU + 4HjO = aSG\ + H4Si04. 
Prep, of Sicily, a. By burning Si in 201,. h. SiO, + 2C + 2CI, 
= 2CO + SiCl4. Chloro-lbukon ffiCn^SiGl^. Colourless, mobile 
liquid; fumes on exposure to air. "Very inflammable; bums 
with greenish flame, depositing SiO, and evolving HCl. Prep, 
by transmitting HCl oyer Si heated to dull redness.] 

Si with Br. [Silicon bromide 8iBr4 = 348. Liquid of sp. gr. 
2.813 at 0°. Boils at i53°0.] 8i withF. Silicon fluobidb 
817^ e: 104. Colourless, pungent gas of sp. gr. 52, compared 
with H. Fumes in air, by decomposition with water. Conden- 
sible under pressure. Prep, of BiF^. SiO, + 2CaF, + 2HJSO4 
= 2CaS04 + 2H2O + BiP4. SiLico-PLcoBio acid 2HF,8i74 ; 
sour, fuming liquid. Salts silico-fluorides. A test for K. Thus : 
2KHO + 2HF,SiP4 = 2H,0 + 2KF,8iF4 ; from this latter salt, 
Sia prepared. Prep, of 2HF,8iI'4. 3SiF4 + 4H.O = H4Si04 + 
2(2HF,8iF4\ 8i and 0. Silicic anhtdbide BiO. = 60. The 
most abundant of minerals. As " Bock crystal ** in 6-sided, 
transversely-striated prisms, terminated by 6-sided pyramids. 
Insoluble in water. Fusible in oxy-hydrogen. Sp. gr. 2.69. 
Amethyst, cairngorm, agate, flint, camelian, onyx, chalcedony, 
are varieties more or less pure of quartz or SiO,. Opal contains 
H,0. Forms two acids. Silicates. Most numerous. Obtho- 
siLidC acid H48i04. White, gelatinous, when flrst precipitated. 
Soluble, until evaporated to dryness. Tetra-ba^io. At ioqO 
into 2H,0 -h SiOj. Prep. a. %\¥^ + 4H,0 = 2(2HF,SiF4) + 
H48i04. 6. Na4Si04 -f- 4HCI = 4NaCl -|- H4Bi04. Metasilicio 
ACID EgBiO,. By evaporation of the former at i6°C., in vacuo. 
Meta-silicates are di-basic. Wollastonite CaSiO,, is a meta- 
silicate. [Leukon Bi,H405; snow-white powder, lighter than 
water. Prep. From leukon chloride by water. Si,H4Cli„+5HjO 
= loHCl + BisH405. Chbtseon ^JS^O^. Si with 8. Silicon 
SULPHIDE BiSj = 92. White, earthy mass. By water : SiS, -{- 
4H,0 = 2HjS + H4Si04. Prep. SiO, + CS, (in vapour at a 
red heat) = CO, -H 818,.] 

XYm Titanium li = 60. 

18. Titanium Ti = 60. — Tetrad element, never native. Dis- 
covered by Gregor in 1791. Both amorphous aud in steel-grev 
crystals. Sp. gr. 5 . 3. Prep, of Ti, TiCl4 + 2Na, = 4NaCl -I- Tl. 
Oompouncli. Titanic chlobide TiCll4. Fuming volatile liquid, 
like SiCl4. Obtained in same manner. Titanous-titanic chlo- 
bide TiCl„TiCl4. Tbi-titanic tetba-nitbidb Ti8N4. Also a 
compound Ti,N2. TiwitliO. Titanic anhydbide TiO, = 82. Yel 
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lowish-white solid. After ignition, insoluble in all adds, except 
HF. In two modifications, soluble and insoluble. Native as 
** rutile " in reddish-brown prisms, isomorphous with tinstone ; 
as *^ Brookite" in right-rhombic prisms, and as ^^ anatase " in 
acute rhomboids. Titanio acid E^TiOg. Di-basic. Titanates. 
TiTANous OXIDE TiO, black. Solution of HjTiO, in HCl gives a 
purple, hydrated TiO^TiO-xHjO. Titanic sulphide Tifi,. 
N.B. The great distinciion between SiO, and TiO, is that the 
latter is rendered soluble, after fusion with KHSO4. 

[XIX. Zirooninm Zr = 89.5.] 

[19. Zirconium Zr = 89. 5. — A tetrad metal, closely resembling 
Si. An amorphous powder, assuming slight metallic lustre 
under the burnisher. Scarcely conducts electricity. Dissolved 
with ease by HF with formation of 2HF,ZF4. Also by aqua 
regia. Prep, of Zr. From potassium fluo-zirconate 2KF,ZF4 
by heating with K. Thus : 2KF,ZrF^ + 2K2 = 6KF + Zr. Zir- 
conium burns magnificently when heated in Oj, to zirconiuh 
OXIDE ZrO,. Ck>mpoimd8. Zr with GL Zirconium chloride ZrCl^ 
in needles soluble in water and alcohol. Zr with 0. Zirconium 
OXIDE ZrO, = 121.5. White, infusible substance, after ignition 
insoluble in acids. The hydrate is very gelatinous and insoluble 
in the alkalies. When neutral solutions of its salts are boiled 
with one of KjSO^, a sparingly soluble zirconium sub-sulphate 
is formed. ZrSiO^ is found native as " zircon " and " hyacinth." 
Fused with KHO, saturated with HCl and evaporated to dry- 
ness : on addition of water, Zra^ dissolves. To obtain ZrOj, the 
solution is precipitated by NH3, the precipitate washed and 
ignited. Zr is intermediate between Si and Ti ; but it is more 
closely allied to Titanium.] 



Examples of Calonlatloiis. 

a. 135° C, how much on the scale of Fahrenheit? 135° = 
[F. - 32°]. 

.-. 243° = F. —32°; .-. F. = 275°. 

&. — 4P F., how much on the scale of Centigrade ? 

C. = J [- 40 - 32°] = 5 X - 4 = - 20°C. 

c. The latent heat of water is 143° F., what is this upon the 
scale of C. ? 

C. = J X 143; .'. C. = 79.4. 

d. 10 lbs. of water at 100° C, are mixed with Mlb. of ice at 
0° 0. ; the temperature of the mixture ia found to be 50° 0. Find 
the value of M. in lbs. 
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Mx 79.4 + MX5o = amount absorbed by the ice. lo (loo^ 
— 50°) I088 of heat of water. 

.*. M X 129.4 = 500; .". M = 3.86 lbs. 

e. A cannon-ball weip:hing i lb. is placed in a vessel contain- 
ing I lb. of water at o^ C. ; without any evaporation, the water 
rises to 100^ C. Find the temperature of tlie cannon-ball. 

Let T be the temperature. . • . T — 100 = loss of temperature 
of the cannon-ball. Also : 100 = the gain of temperature on th& 
part of the water. 

.•'. (T — 100^ X I lb. X o. 1138 = 100 X I lb. X I. 

(o. 1138 and I being respectively the sp. heats of iron and water.) 

.•.T = 978°.73C. 

/. What volume of carbonic anhydride can be obtained from 
1000 grammes of calcium carbonate ? Bar. 760 mm., Therm. 
o°C. 

100 : 1000 = 44 ; ,* .X = 440 grammes. 

II. 19 litres of hydrogen weigh i gramme; .'. 11. 19 litres of 
carbonic anhydride weigh 22 gmmmes. 

.'. 22 : 440 = II. 19 x= 223.8 litres. 

g. The capacity of a gasholder is 3 3 s 7 litres. What weight 
of potassium chlorate will be required to fill it with oxygen at 
the standard temperature and pressure, supposing the potassium 
chlorate to give up all its oxygen ? 

II . 19 litres of oxygen weigh 16 grammes. 

.•.11,19:3357 = 16 .'. a; = 4800 grammes. 

There are 48 grammes of oxygen in 122.5 gmmmes of potas- 
sium chlorate. 

. •, 48 : 4800 = 122.5 ; X = 12250 grammes. 



General Properties of the Metalg. 

Unless stated to the contrary, the metals are element!. They 
are good cx)NDrcTOBS op heat. Accordiug to Wiedemann and 
Franz they rank as follows : — 

Silver . • . 1000 Cadmium 
Gold . . . 981 Iron, bar 



Copper, rolled 845 'J in 

Copper, cast . 81 r Steel . 

Aluminum . 663 Platinum 

Zinc, rolled ^ 641 



577 Sodium 

436 Iron, oast 

422 Load 

397 Antimony 

380 Bismuth 



365 
359 

2«7 
215 

6x 
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They are also good ocnductobs of electbicity. As a rale, 
good conductors of beat are also good conductors of electricity. 
The conducting power of metals is inversely proportioned to 
their resistance to the passage of the electrical current. Accord- 
ing to Matthiessen the electric conductivity of pure metals is aa 
follows : — 



Silver . . 


ICO. GO 


Calcium 


22.14. 


Palladium 


• 12.64 


Copper . . 
Sodium 


77-43 


Potassium . 


20.85 


Platinum 


. 10.53 


37.43 


Lithium . 


19.00 


. Strontium 


. 6.71 


Aluminum 


33.76 


Iron « . 


14.44 


Mercury 


. 1.63 


Magnesium 


25.47 











The following table of the specific heats of the elements 
contrasted with water and ice is from Begnault : — 



Water . . 
Lithium . 
Ice . . • 
Sodium 
Magnesium 
Carbon . . 
Boron . . 
Aluminum 
Sulphur 
Phosphorus 
Silicon . . 



I. 0000 
0.9408 
0.5050 
0.2934 
0.2499 
0,2414 
0.2352 
0.214; 
0.2026 
0.1887 
0.1774 



Phosphorus 
(red) . 
Potassmm 
Diamond . 
Manganese 
Iron . 
Bromine . 
Nickel 
Cobalt . 
Zinc . . 
Copper 



0.1700 
0.1696 
0.1469 
0.1217 
0.1138 
0.1129 
0.1086 
0.1067 
0.0955 
0.0952 



Selenium . 
Arsenicum . 
Silver . . 
Cadmium . 
Tin . . . 
Iodine . 
Antimony . 
Mercury . 
Gold and 

Platinum 
Bismuth . 



0.0827 

0.0814 
0.0570 
0.0567 
0.0562 
0.0541 
0.0508 
0.0333 

0.0324 
0.0308 



Metallic lustbe, a feature of polished metals : wanting when 
in pulverulent state. Opacity important : gold-leaf reflects 
green light. Coloub varies from the whiteness of silver to the 
yellow of gold, the pale yellow of calcium and barium ; the red 
of copper, the bluish-white of lead, &c. Without odoub. Inso- 
luble in water. Habdxess varies greatly; from softness of 
butter, to hardness of steel. [Mohs' scale of hardness in mine- 
rals. L Talo (28 specimens of minerals). 11. Oypsiim or rook- 
salt (90). m. Calo-spar oleavaUe (71). IV. Fluorspar (68). Y. 
Apatite crystalli zed (4 8). VL Felspar cleavable (26). VIL lim- 
pid quartz (26). vm. Topaz (5). LC Sapphire or conmdum (1). 
X IHamond (1).] Bbittleness affected by temperature. Bi, 
Sb and As may be pounded. Tenacity measured by force re- 
quired to break. If Fb i, then Gd i . 2 Sn. i . 3. Au 5 .6 Zn 8 Ag 
8.9 Ft 13. Fd 15 Cu 17 Fe 26. Malleability the power of ex- 
tension under rollers : Au first. Ag, Gu, Ft, Fd, Fe, Al. Sn, Zn, 
Fb, Gd, Ki, Go. Goldleaf ^gj};,^ of an inch thick. I^hctility, in- 
volves tenacity, or power of resisting tension. Au, Ag, Ft, Fe, 
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and Cu mnch alike ; then ?d, Cd, Go, Ki, Al, Zn, Sn, Fb, T, Xg, 
L. As to FcsiBiLiTT the metals rank thus : — 



Mercmy . 
Bubidimn 
PotaBBimn 
Sodium . 
Lithium . 
Tin . . 
Cadmium . 
Bismuth . 
Thallium 
Lead . . 
Tellurium 
Zinc . 
Antimony 
Calcium . 
AlnwiiTiniT^ 

Silver . . 
Copper . 
Gold . . 
Cast iron . 



-38°. 8 C. 

38°.5 
62°. 5 

97°. 6 
180° 
227° 
228° 
264° 
294° 

33S° 

326°.6 

412° 

621° 



-370-9 F. 



» > 

f t 
I t 

> > 
» • 
I » 
t t 
I • 
I I 

> > 



lOl"" 

144°. 
207°. 

356° 

440° 
442° 

507° 

561° 
617° 
6200 

773*' 



3 
5 
7 



1023^ 
1091*^ 
1102*^ 

1530' 



f * 



» » 



1150'- 
I above redness. 



1873° 
1996° 
2016° 
2786° 



• » 
» » 
• 9 



wind-fumaoe. 



Pure iron 
Nickel 
Cobalt . 
Manganese 
Pall^ium 



I 
• J 



Cerium 

Iridium 

Osmium 

Platinum 

Bhodium 

Tantalum 

Titanium 



^ Fusible in oxy- 
hydrogen 



YoLATiLiTT very various. As, Hg, Te, Cd, Zn, K, Ka and Bn 
can be sublimed. 

As to sPECiFio GRAVITY, the metals exhibit great variations. 
(From Dr. Miller's "Chemistry.") 



Lithium . 


. . 0.593 


Potassium . 


. . 0.865 


Sodium 


■ • 0.973 


Bubidium . 


. . 1.520 


Calcium . . 


. • 1.578 


Magnesium i 


. . I. 743 


Glucinmn . . 


. . 2.100 


Strontium . . 


. 2.540 


Aluminum 


. 2.560-2*67 


Arsenicimi 


. 5.700-5.96 


Tellurium . , 


. 6.250 



Antimony 
Chromium 
Zinc • . 
Tin . . 
Iron . . 
Mauganese 
Cadmium 
Molybdenum 
Nickel . 
Copper . 
Cobalt . 



6.710 
6.810 
7.146 
7.292 

7-844 

8.013 

8.604-8.694 

8.620 

8.820 

8.920-8.950 

8.950 
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CRYSTALLIZATION. SIX CLASSES OF CRYSTALS. 



Bismuth 


, 9 . 800 


Mercury . 


. 13.596 


Silver . • . 


10.530 


Tungsten . 


. 17.600 


Lead • . . 


11.360 


Uranium . 


. 18.400 


Ruthenium 


. 11.400 


Gold . . 


. 19.340 


Palladium . 


. 11.800 


Iridium 


. 21.150 


Thallium . . 


11*810-11.91 


Osmium 


. 21.400 


Khodium . . 


. 12. ICO 


Platinum . 


. 21.530 



The metals often occur crystalllized ; crystals are regular 
geometrical solids. [In certain positions, crystals split regu- 
larly: cleavage. The flat surfaces developed by cleavage 
called faces or planes. The lines of junction of two planes, its 
edges ; jimction of two edges, a plane angle ; the point where 
three or more edges meet, a solid angle. Planes similar, when 
corresponding angles equal, and edges proportional ; edges simi- 
lar when produced by the meeting of planes respectively similar 
at equal angles; angles similar when equal, and contained 
within edges respectively similar. In crystals extra faces often 
formed by the replacement of an edge or the truncation of an 
angle. "When faces quite equal and similar, called simple forms ; 
those resulting from a combination of two or more simple ones, 
secondary or compound forms. Great variations in the angles 
of crystals; instruments of measurement called Ooniometon. 
Six CLASSES of crystals. I. The regular, tessolar, or cubical 
system : three equal axes around which the crystal, symmetri- 
cally arranged, crossing each other at right angles. In cubes; 
salt, fluor, iron pyrites, alum, garnet, diamond, gold, silver, 
copper, lead, iron, mercury, &c.; in octohedra ; alum, magnetite, 
chrome-iron ore, white arsenic, diamond and many metals : in 
tetrahedra ; copper pyrites, grey copper ore or fahlerz, blende : 
in rhombic dodecahedra ; cobalt-glance, garnet, dianjond, fluor, 
and many metals. Crystals possessing the completest symme- 
try, called Jiomohedral forms : those derived from the former, 
hemihedral. — ^11. The right square prismatic, or pyramidal system. 
Three axes at right angles to each other, two only equal, — the 
third axis longer or shorter. Includes the long square prism ; 
tinstone, zircon, apophyllite, idocrase : the short square 
prism; zircon, &c. : the octohedml square, prism: apophyl- 
lite, zircon, &c.; and the long square octohedron; anatase, 
tinstone, zircon, &c. — m. The rhombic system. Four axes; 
three of equal lengths in the same plane, crossing each 
other at angles of 60"^, the fourth, perpendicular to these, may 
vary in length. The chief forms are ; the obtuse rhomboh^lron ; 
Iceland spar, tourmaline: the acute rhombohedron ; Iceland 
spar : the hexagonal prism ; emerald, quartz, tourmaline ; the 
bi-pyramidal dodecahedron ; quartz, apatite; and the scalene 
dodecahedron ; calcite or dogtooth spar. — ^IV. The right rectan- 
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golar prismatic syBtem. Three axes, all unequal and all at 
right angles to each other. Includes the right rectangular 
prism ; heavy spar, prehnite, nitre : — the right rhombic prism : 
topaz, sulphur, prehnite, lieavy spar ; the octohedral rhombic prism ; 
topaz, sulphur : — and the rhombic octohedron ; harmatome, sul- 
phur, topaz, &c. — V. The oblique system. The three axes may 
all be of unequal length ; two cross obliquely, the third is per- 
pendicular to the others. Includes: the oblique rectangular 
prism; felspar, epidote, mica :— the oblique rhomoic prism; sele- 
nite, augite, sphene : — and the oblique rhombic octohedron ; fel- 
spar, selenite, &c.— YI. The doubly oblique or aaorthic system. 
All the axes of unequal length and all cross obliquely. Includes : 
the doubly oblique prism; axinite, blue vitriol, &c. : — and the 
doubly oblique octohedron ; albite, axinite.] When a body crys- 
tallizes in two irreconcileable forms, it is said to be dimorphous ; 
when in three, trimorphous. Pulverulent bodies, without any 
regular form, are called amorphous. Crystallized bodies, with 
similarity in form and analogy of composition, are called isoMon- 
PH0X7S. £. g. KCl. KI. K7. S:(CN . 



B. The metallic elements and their compounds, 

1. MetaU of the alkalies. They displace one atom of hydrogen 
from the acids ; hence monad metals. The group includes 
Fotassinm, Sodium, lithium, Caesium, Rubidium, and the com- 
pound metal Ammonium. Their oxides and hydrates are 
soluble in water and strongly alkaline to test-paper. Their 
.carbonates are also soluble and alkaline in reaction. 

I. Potassium or Kalium K = 39. K, = 78. 

I. Kaltum or POTASSIUM K = 89.— Molecular weight Eg = 78. 
Discovered by Davy in 1807, Brilliantly white metal, volatile 
at a red-heat with green vapour. Sp. gr. 0.865. Melts at 58 0. 
Oxydizes rapidly : must be kept under naphtha or hermetically 
sealed from the air. Decomposes HjO, the H, burning with 
rose-coloured flame : dissolves as Potassium hydrate KHO. 
Absorbs CO and yields Potassium RHODizoNATEK2C5H20e,H20. 
Prep, a by electrolysis of moist Potassium hydrate KfiO. K, 
at the zincode. h. By heating Potassium Carbonate K2CO3 with 
charcoal: K^CO, -f- 2C = 3CO4-K2. c. By heating KHO to 
whiteness with iron filings : 4KHO+3Fe = Vefi^ + 2H2 -h 
iK^. Three oxides: one basio oxide. Potassium oxide K^O. 
White, deliquescent, caustic solid. Prepared by oxydizing K, 
in dry Q^. Or by heating 2 KHO with Potassium : 2KHO + K, 
= Hj -I- 2K2O. Potassium hydrate or caustic potash KHO. 
Hani greyish-white, deliquescent solid. Sp. gr. 2.2. Blues red 
litmus. Fuses without losing water. Hose colour to flame. 
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Kext to Caesium and Bubidinm hydrates, the most powerfiil 
base. Precipitates hetallio hydrates from their .respective 
salts: CaClj, + 2KHO = 2KCI + CaHjOjj. FeCl^ + 2KHO = 
3KCI + FeHjOj. Contained in felspar, mica, &c. Dissolves in 
one-half its weight of water, heats and forms a second htdbate 
KH0,2H20, in acute rhomboids. Soluble also in ethylic alcohol. 
Liquor potasssB of Pharmacy contains about 6 per cent, of EHO. 
Prep, of KEO. Bv dissolving E3CO, in 10 parts of HjO, adding 
half the weight of the salt of Calcium hydrate, boiling, decani 
ing, evaporating and fusing the residue : SgCO, + CaHjO, = 
OaCO, + 2XEO. [Tbtboxide Kfi^ ; by heating Kg in O^. A 
yellow solid, decomposed by H^O into O,, and Potassium di- 
oxide K2O,.] Potassium Sulphide KjB. From KjSO^ + 4C = 
4CO + KjS. Or : KjS^ + 2Hj = 2H2O + K^S. Pyrorfioric. 
Htdrogen sulphide XHS, by saturating XHO with H^S. Thus : 
KEO + HjS = HjO +KH8. Changed by air into di-sulphide 
KjS,. [Tbi-sulphide K^S,. Tettbasulphide K^S^. Pentasul- 
PHIDE KjSa. 6KH0 + 682 = KjSjHjO^ + 2H2O -|- 2Xfi^.'} 

Salts of Fotasilmn, soluble in water. Chlobide KCI. White 
cubes, soluble in 3 of water. In sea-water and in kelp (25 per 
cent.). Fusible, and volatile at high temperatures. Bbomide 
SXr, also in cubes. Used for making Bromine. 2KBr+ MnO, + 
3H3S04 = K3S04-|-MnS04-}-2H20 4-Br2. Iodide KI. White 
cubes, very soluble. Browns when it contains Potassium 
iodate so,, on addition of Tartaric acid. Prep, 6KH0 -f 3I, 
=KIO, -f 3H2O + 5KI. Then by gentle heat ; 2KIO, = 3O, 
+ 2KI. Also : Fe + Ij = Felj. Then Fel, -|- K^CO, =FeC03 
+ 2KI. Fluoride K7, in deliquescent cubes. Source of silicon. 
2KF,8iF4 + 2Kj = 6KF + Si. Cyanide KCy, in deliquescent 
cubes. Sulphate IC2SO4, in hard, 6-sided prisms, terminating in 
6-sided pyramids. Soluble in 16 of H,0. Decrepitates when 
heated. Htdbooen sulphate EHSO4, in flattened rhomboidal 
prisms, soluble in 2 of water. Besiduum in the manufacture of 
HNO„ when KNOg employed. KNO, + H^SO^ = HNO, + 
XB9O4. Fotaisinm carbonate KjGO, ; the pearl-ash of commerce. 
Obtained by incinerating plants. White, granular, deliquescent, 
alkaline. Crystallizes as K2C03,2H20. Hydrogen oarbonate 
KEOO3. In right-rhombic prisms, soluble in 4 of HjO. By solu- 
tion in hot water, into sesqui-carbonate 2X2G08.H,008. By heat 
into KjCOg. Obtho-silicate K4Si04, or 2K20,Si02. Silicate 
Xj^iOj. Crown-glass is K20,2Si02.CaO,2Si02. Bohemian glass 
for chemical purposes K20,3Si02.Ca03Si02. That employed for 
ornaments : 3 (KCa)0,Al208, 1 28102. Nitrate KHO,. Nitre or 
saltpetre. In 6-Bided striated prisms with diht dral summits. 
Soluble in 3 J of cold and ) of boiling water. Cooling, saline 
taste. Insoluble in alcohol. Fuses at 339^ C. : sal prwnelle. By 
continued heat into potassium nitrite XNO2 ; finally into O, + 
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Nj + E^Oj. Gunpowder, a mixture of 2 atoms of potassium 
nitrate, 3 atoms of charcoal, and i atom of sulphur. When 
fired: 4KNO3+ 82+ 60 = 2KjS + aN^ + 6CO2. The expansion 
1500 times that of the jpowder. Chlorate KGIO3. Bhomboidal 
scales of pearly lustre, soluble in 16 of cold and 2 of boiling HjO. 
Melts at about 400^0. By heat : 2KC103=2KCl+302. More care- 
fully heated, into perchlorate KCIO4. 2KCIO, = 62 + KCl + 
KCIO4. By nitrous anhydride : NjO, + 2KC103= 2KNO, +CI2O3. 
By oil of vitriol : 2H28O, + 3KCIO, = 2KHS0^ + KC104+ H2O 
+ 2CIO2. Prep. 6KH0 + 3CI2 = 3H2O + 5KCI + KCIO,. Also 
from Ca2C103 + 2KCI = CaClj + 2KCaOa. Separated by crystal- 
lization. Pekchlorate KCIO4, in needles, requiring 60 parts of 
H2O for solution. Insoltible salts : Potassilm platixic chlo- 
ride 2KCl,PtCl4, a yellow salt, insoluble in a mixture of ethyl ic 
alcohol and ether, and with difficulty soluble in water. One 
hundred parts of the salt contain 15 .98 of I'otassium, or 19. 2^ 
of Potassium oxide. Potassium silico-pluoride 2KF,SiF4, a 
white powder. Gelatinous when first precipitated. The salt 
used for making Si. P. 24. 

n. Sodinm or Natrium Ka = 23. Na, = 46. 

2. Natpjum Na = 23. Molecular weight Nag = 46. A beau- 
tiful red^lish- white crystalline metal, less lustrous than Potas- 
sium. Sp.gr. 0.972. Fuses at 98° 0. Volatile. Burns with 
yellow flame. Decomposes water. Nag -f 2H2O = Hg + 2Na 
HO. Prep. Na2C03 +20 = 3OO + Na2. Sodium is a great 
reducing agent. Two oxides : one basio oxide. Sodium oxide 
Jitkfi, resembles JLfi. Sodium hydrate NaHO. White, fusible, 
deliquescent solid. Prep. Na2C03 dissolved + CaH202=OaCO, + 
2KaH0. Peroxide KajOj. By burning Na2 in O2. [Sodivm 
sulphides. Ka28.Na282.Ka283.Na2S4.Ka2S5.] Sodinm salts : soluble 
in water. Sodium chloride Kad. Is *^ common salt, ' the chief 
salt of sodium. Cubes, soluble in 3 of cold water; saturated 
solution has a sp. gr. of 1.205 and boils at 110° 0. Fuses and 
volatilizes. Antiseptic. Source of Sodium hydrogen sulphate, 
then of Sodium sulphate and of Hydrochloric acid (p. 14) 
a. 2 NaCl + H2SO4 = HOI + NaHS04 + NaOl. h. NaCl -f- 
NaHS04=HCl+Na2S04. Bromide KaBr, in sea-water. Iodide 
Nal, in sea-water and in kelp. In cubes. Source of Iodine I 
(p. 16). 2NaI + Mn02+ 2H2S04= NajSO^^- MnS04 + 2HaO 
■f I2. Sulphate Ka2S04lOE20. In /?-sided prij-ms soluble in 
2 of water. Effloresces and loses all its water. Aperient : 
*♦ Glauber's salt. ' Made from NaOl. Hydrogen sulphate Ka 
HSO4. Very acid. Non-deliquescent. By heat, first : :NaHH04 
=H20 -I- Na2804.S03. Then, if the temperature raised : Na2H04 
+ 80,. Sulphite Vtk^glORfi, Oblique prisma. Efflo- 

D 
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rescent. In 4 of cold water. Hypo-sulphite 'Stifi^SLfi^,iRfi. 
In oblique prisms. Made by digesting Sulphur in solution of 
Sodium sulphite. Used in photography. Sodium cabbomate 
VtifiOgfiOKfij in oblique rhombic prisms, soluble in 2 of water. 
Eflaoresces. Fusible. Prep. a. Of saU-caU. aNaCl + H^SO^ = 
2HCI + Na,S04. 6. Of black-ash, Na^O^ + 40 = 4CO + 
Na,8. sNa^ + TCaCO. =2CaO,5CaS.+ 200,+ sHa^CO,. N.B. 
Black-ash contains from 20-2 7 per cent, of Sodium oxide, as the 
Oarbon at the high temperature removes 00, as 2OO. The 
solution evaporated and roasted in a reverberatory furnace with 
sawdust. He-dissolved and crystallized. Sesqui-carbonate 
2Ka2C03)H200,,2H20, in rhombic prisms, terminated by 4-sided 
pyramids. Found as *■*■ Natron " and '* Trona salt." Hydrogen 
CARBONATE NftHCO,. A whito powder, soluble in 10 of H^O. 
Feebly alkaline. Does not precipitate Magnesia. Silicate Ka, 
SiOj. Ortho-silicate Ka^SiOf. Fuchs's soluble glass is Ifa,^ 
48102. Glass is a mixture of various silicates. In window- 
glass, chiefly Sodium and Calcium silicates. Soda-glass more 
brilliant than Potash-glass, but with a greenish tint. Bi-bobate 
KajB^OyjlOHjO. "Borax." Native in Thibet. Called Tincal in 
commerce. In flattened 6-sided prisms, with tri-hedral summits. 
Soluble in 1 2 of cold and half their weight of boiling H^O. By 
heat intumesces, loses all its water and melts into a clear bead 
of NajB^Oy. Solvent of metallic oxides. A good flux. By HCl 
into NaCl and boracic acid HB02,HjO (p. 24). Nitbate 
KaKOj. Native in Atacama, Iqiiique, &c. In obtuse rhom- 
boids, soluble in 2 of HgO. Somewnat deliquescent. 85 parts 
NaNO, yield as much HNO3 as loi parts of KNO3. Phosphates. 
a. Obtho-phosphates : tri-basic. Di-sodium hydbooen phos- 
phate Ka2HF04,12H20. The common rhombic phosphate. Ob- 
lique, rhombic prisms of saline taste, soluble in 4H2O. By 
adding NaHO, we obtain HgO and : Tbi-sodium phosphate Ka, 
P04,12H20, in 6-sided prisms. By adiling ortho-phosphoric 
acid HgP04 to di-sodium hydrogen phosphate, we obtain two 
atoms of sodium di-hydrogen phosphate KaH2F04. Sodium 
AMMONIUM hydrogen PHOSPHATE KaNH^EFO^j^HjO. " Microcos- 
mic salt." Transparent, efflorescent prisms. Frep. NajHPO^ 
4- NH4CI = NaCl -f- KaNH4HP04. h. Pyro-phosfhates : tetra- 
basic. Sodium pyrophosphate Ka4F207,10H20. In prisms. By 
heating Na2HP04 to low redness and crystallizing from HjG. 
Thus, 2Na2HP04 = HjO -{- Va^Tfij, c. Meta-phosphates : 
mono-basic. Sodium meta-phosphate KaPO,. Transparent, 
glass-like mass. By igniting NaH2P04 = H2O -f NaFOg. Or 
by igniting NaNH4HP04 = Rfi -f- NH3 + NaPOs- Sodium 
platinio chloride 2iraCll,PtCl4, in btriated, yellow prisms, very 
soluble in water. Insoluble salt. Di-hydbic pyb-antimonate 
KasHjSbjOr.eHsO. 
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[m. lithiiim L = 7. Molecular weight L, = 14. 

3. LiTHTCM L = 7. Molecular weight L, = 14. A white 
lustrous metal, fusible at i8o C. Sp.gr. 0.59. The lightest 
solid. From \ieoi, a stone. Very oxydizable. Volatile at 
s red-lieat Prep. By electrolysis from fusod lithium chlo- 
BiDE LCI ; L at the zincode. One oadde : bosio. Lithium oxide 
1,0. Discovered by Arfwedson in 18 18. Lithium hydrate 
IHO. Far less soluble than KHO and NaHO. Fuses 
below red-heat and destroys Platinum vessels. Lithium salts in 
various mineral waters and in the ashes of plants. In rare 
minerals, such as : ** Lepidolite " (LK)F,AljO„38iOa ; "Spodu- 
mene" or '^Triphane" 3(LNa)20,4AljO„i5Si02. and "Peta- 
lite " 3(LNa)20,4Al203,3o6i02. Salts. Chloride L01,2E20, most 
deliquescent. Abovei5°C. in anhydrous octohedra. Very soluble 
in a mixture of equal vols, of ethy lie alcohol and ether, in which 
KCl and NaCl insoluble. Purple colour to flame. Carbonate 
LxOO,. Alkaline, sparingly soluble. Sulphate Ii2804,E20, in 
flat tables, very soluble. Ortho-phosphate L,P04, iniolnble in 
alkaline solutions and in alkaline phosphates. 

Lithium sulphate is made from any of the above-named mine- 
rals. Finely pounded, and ignited with twice their weight of 
Calcium oxide, the mass is first treated with Hydrochloric acid, 
then with Sulphuric acid, and the L2SO4 dissolved out from the 
CaS04. By means of solution of Barium hydrate, the LjSO^ is 
changed into LHO. I2SO4 -h BaHjO, = BaS04 -h 2LHO.] 

[IV. Gaesinm Gb = 188. 

4. Caesium Cs = 133. Discovered by Bunsen and Kirchoft* 
in i860 in a spring at Durkheim. Like Potassium, but more 
electro-positive. The name from caesiua, lavender-blue, on 
accoimt of the two blue bands produced by it in the spectrum of 
a gas-flame. Also in a rare mineral from Elba, ** Pollux," which 
contains 32 per cent. Two oxides: one basio. Caesium oxide 
C82O. Hydrate CsHO; very deliquescent and caustic. Most 
powerful base. Salts. Caesium ohlobide GsGl, in cubes. In 
the Nauheim spring. Sulphate G82SO4 ; very soluble. Carbo- 
nate CS2GO3, white, deliquescent. Hydrogen carbonate CSHCO3. 
Caesium platinic chloride 2CsCl,FtGl4, in yellow octohedra. 
The most insoluble of the platinic salts.] 

[V. BaUdium Bb = 86.86. 

5. Rubidium Bb = 85.36. A brilliant silver-white metal of 
sp. gr. 1 .52. Melts at 38^5 C. Volatile, with blue vapour at a 
red-heat. Resembles Potassium, but is yet more electro-positive. 
Discovered by Bungen and Kirchoff". The name from rubidus. 
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dark-red, from a pair of red lines in the Bpectrum. It is found 
together with Caesium and Thallium, as chloride in the mother- 
liquor of the Nauheim spring ; in the ashes of some plants and 
in a variety of Lepidolite. One basic oxide. BuBmirH oxide 
BbjO. Hydrate EbHO, a most powerful base. Salts. BuBiDini 
CHLORIDE BbCl, in non-deliquescent cubes. Carbonate BbjOO,. 
Deliquescent. In minute quantities in ash of tobacco, beet- 
root, and many oihers. Sulphate BbsSO^, in hard 6-sided prisms, 
erminated in 6-8ided pyramids. Rubiditm platinic chloride 
2BbCI,PtCl4, only less soluble than Caesium platinic chloride.] 

Ammonium (HH^) = 18. 

Ammonium NH^ = i8. Hypothetical metal. In its combi- 
nations, the most perfect analogy with the alkaline metals, espe- 
cially Potassium. Many of its salts isomorphous. Ammonium- 
amalgam formed by the action of Sodium-amalgam upon Am- 
monium chloride. NajHgj -h 2NH4CI = 2NaCl -h zNH^Hgj, 
Breaks up spontaneously into HgjHg and NHg. Nitrogen hy- 
dride KH3. Ammonia (p. 6). Ammonides. Ammonide silphite 
(NH,)2S02. Ammonide sulphate (NH,)2808. By water into: 
ammonium sulphite (KH4)2S03 and sulphate (S'K^)^^. Salts. 
Ammonium hydrogen sulphide NH4HS(p. 10). Chloride KH4CI, 
in fibrous masses, or fern-shaped crystals, soluble in less thanjs 
parts of HjO. Sublimes without fusion. NH, -f- HCl = KH4CI. 
Made from gas-liquors. Nitrate IIH4KO3. By heat=2H20 -h 
NgO. In striated prisms. Nitrite NH4KO2. By heat = 2H2O 
-I- Kg. Sulphate (KH4)2S04, in prisms, soluble in 2 of cold 
water. Carbonate (HH4)2C03, not known as a solid. Sesqui- 
CARBONATE 2[(KH4)2G08]C02. The smelling-salts of the shops. 

By loss of AMMONIDE CARBONATE (NH3)2G02, iuto AMMONIUM 

HYDROGEN CARBONATE KH4HCO3, and 80 bccomcs soft and white. 
2[(NH4)2C03]C02 = (NH3)2C02 + 2(NH4)HC03. Prep. By 
subliming NH4CI witli CaCO,. Thus : 6NH4CI + sCaCOg = 
sCaClj + H2O H- 2NH3H- 2[(NH4\C03],C02. Sodium ammonium 
HYDROGEN PHOSPHATE NaKH4HP04,4H20, is " microcosmic salt • 
(p. 34). Ammonium platinic chloride 2KH4Gl,PtCl4, yellow, in- 
soluble in mixed alcohol and ether, contains 7.62 per cent, of 
NH3. Estimated as 2NH4Cl,PtCl4. 

2. Metals of the alkaline earths. 

Includes Barium, Strontiiun, and Galoinm. They decompose 
water at common temperatures. Their hydratea soluble in 
water, with strong alkaline reaction. Carbonates insoluble. 
Can be separated from the alkalies by boiling with (NH4)2C08. 
Most of their salts insoluble in water. Byad metals : i atom of 
the metals displaces 2 atoms of Hydrogen. 
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YI. Barium Ba = 137. 

6. Barium Ba = 187. Metal of pale-yellow colour, very 
oxydizable. Fusible at a red-heat. Name from fiaphs, heavy. 
Prep, From fused barium chloride BaClg, by electrolysis ; Ba 
at zincode. Two oxides : one basio oxide. Barium oxide BaO. 
Baryta. Grey and fusible. Hydrate BaHjOj, crystallizes with 
8H2O ; in scales, soluble in 20 of cold and 2 of boiling HjO ; solu- 
tion strongly alkaline. Great affinity for CO2 and SOj. Em- 
ployed in making KHO. KjSO^ + BaHgOj = BaSO^ + 2KHO. 
Very poisonous : antidote Na2S04,ioH20 and MgS04,7H20. 
Prep, a. Heating BaiNO, to redness, h. By boiling 6BaS + 
6H3O -J- 8CuO= 4CU2S + BaSaH^O^ -hsBi^Og. PERoxiDEBaOj. 
Grey. Hydrate BaOgtSHjO. Used for making hydrogen i erox- 
IDB H2O2 (p. 6). Also a source of oxygen. Prep. BaO heated in 
a stream of pure air = BaOg. By fusing SBaO +KGIO3 = K.C1+ 
sBaOj : then by water, which dissolves KCl, and leaves insoluble 
Ba026H20. Sulphide BaS. Igniting BaSO^ + 4C = 4CO + 
BaS. Hydrate BaS,6H20 in colourless crystals. When dis- 
solved : 2BaS + 2H2O = BaHjOa + BaSHjS. Barium sulphide 
used for making soluble barium salts. Salts : soluble. Chloride 
BaClj^HjOin flat 4-sidtd tables, soluble in 2 J of water. Yellow- 
ish-green colour to flame. Chief test for soluble sulphates, car- 
bonates, phosphates, borates, &c., as all insoluble in water, but 
all soluble in acids except Barium sulphate. Nitrate Ba2H03, 
octohedra, soluble in 8 parts of cold and 3 of boiling water. 
Less soluble in HCl and in HNO3, t^^-^ i^^ HjO. A mixture of 
45 parts of dry BaiNOa, 15 of S, 10 of KCIO3, 2.J of lamp-black, 
and I J of antimonous sulphide, constitutes green-fire. Chlo- 
rate Ba2Cll03. Beautiful green colour to flame. Acetate Ba2C2 
HgOjjSHjO, in flattened prisms. Insoluble salts. Barium snl- 
pliate Bai304. Native as " heavy spar,'* in rhombic prisms and 
massive. Sp. gr. 4.59. Used as white paint to adulterate white 
lead, but insoluble in HNO3. Source of Ba salts. Rendered 
feoluble by igniting with C. (Surbonate BaCOj. Native as " Wi- 
therite" in 6-sided prisms, terminated in 6-sided pyramids. 
White powder, soluble in diluted HNO, and HCl as nitrate and 
chloride. Silico-fluoride BaF2,SiF4. Chromate BaCr04, yellow. 
Barium is weighed as BaSO^, 100 parts of which contain 65.66 
of BaO. 

Vn. Strontiixm Sr = 87.6. 

7. Strontium Sr = 87.5. A malleable metal of pale-yel- 
low colour, burning with crimson flame. Sp. gr. 2.54. The 
name from *' Strontianite," a carbonate found at Strontian in 
Scotland. Prep. From fused SrClg ; Sr at zincode. Two oxides ; 
one l»Bio oxide. Strontium oxide SrO, White. From Sr2N03, 
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at a red-heat Htdbate 9rRfi^9lRfij in scales, requiring 50 
jjarts of cold and 24 of boiling H^O. Great affinity for CO, and 
SO,. Loses 8H,0 by heat rSTRONTiuM peroxide SrO,. By 
adding HjO, to 8rH,0,. Thus : SrH^O, 4- H,0, = 2Kfi + 
flrO,.] SuLPraoE 8zfl. From SrSO* + 4C = 4CO -}- SrS. Salts 
of stronttnxii: soIuIiIb in irater. Chlobide Srd^GHjO. Deli- 
quescent needles. Very soluble in ethylic alcohol : thus is SrCl, 
seimrated from BaOl,. Solution bums with crimson flame. 
Nitrate SiSVO,, octoliedra soluble in 5 of H^O. Also with 
5H2O at low temperatures. " Red-fire '* a mixture of 40 parts of 
SraNO,, 10 of KOlO,, 13 of S, 4 of Sb,8,. Requires great care in 
mixing. [Acetate Sr2C2H302. Chbohate BrCrOf, yellow and some- 
what soluble. Silioo-fluobide BrF^jBSF^y much more soluble than 
BaFj.SiFf.]. Insolnble. Sulphate SrSO^, native as " Celestine," 
in rhombic prisms, or massive. Often accompanies S in Sicily. 
By ignition witli 4 C. into SrS -h 4CO. Carbonate SrOO„ 
native as " Strontianite,' in Argyleshire. [Oxalate SxCjOf^HjO, 
white. Phosphate SrHP04, white.] Stbontium is estimated as 
SrSOf ; it contains 56.52 per cent, of SrO. 

Vm. GaldamGa = 40. 

8. CaI/Oium Ca = 40. Light -yellow metal, oxydizing 
readily. Very malleable. Fusible at a red-heat. Sp. gr. i . 5 78. 
Burns vividly with white light to calcium oxide CaO. Pre- 

Sared by Matthiessen from a fused mixture of 2CaCl2, with 
rCl), by electrolysis : Ga at the zincode. Two oxides : one basic 
oxide. Calcium oxide CaO. " Lime " and " quick-lime." White, 
caustic, infusible. In oxy-hydrogen, an intense white light. 
Witli H2O it slakes and forms caloium hydrate CaHjOj, solu- 
l)le in 700 parts of cold and 1280 parts of boiling water : " liime- 
water." Excess of calcium hycirate in water, called ** Milk of 
lime." CaO used in gas-puriUcation for the absorption of CO, 
andof HjS. CaHgOj. in making KHO from K^CO,; also in 
mortars, cements, &c. CaH^O,-)- 00,= HjO + CaCOj. Prep, 
By heating calcium carbonate CaCOg to redness. CbC0,= CO, 
+ OaO. [Calcium pbboxide CaO,. By action of HgO, upon 
CaHjO, = 2H,0 -H CaO,.] Calcium sulphide CaS, white, insolu- 
ble in cold, decomposed oy boiling water. Ca804+ 4C = 4CO 
-f- CaB. [When moist, absorbs oxygen : 2Ca8 -f 2H2O + 2O, 
£= CaS,H,04+CaH,0,. Pbntasulphidb CaSj. By boiling S, 
with CaH,0,. 3CaH,0,+ 6S, = 2H,0 -f- CaSjHjO* + 2 CaS,. 
Phosphide CaP. By distilling P^ with CaO. 28CaO -f- 7P4= 
4Ca,P,07+ 20 CaP. Di-siLiciDB CaSi, in lead-grey scales. By 
HN0„ into CHBYSBON Si^H^O^]. Salts of oaldum: soluble in 
water. Chloride CaCl,, 6H,0, in striated, deliquescent prisms ; 
saturated solution boils at 179.5^0. By heat loses water, and 



CALCIUM AND SALTS. IX. MAGNESIUM. 39 

is then a great desiccator. Found in sea-water. Artificially : 
ClaCO3+2HCIl=H20+C02+CaCl2. Crystallizes with 4C2HeO. 
Absorbs NH,. [Calcium bromide GaBrg. Iodide Cal,. Em- 
ployed for making Ca. Cal2+ Na2= 2NaI -|- Ca. Oxy-chlo- 
BiDE CaOdj. Known as "Chloride of lime.'* Evolves Clj 
when exposed to the air. Made by absorption of Clj by CaHgO^ 
= HjO + CaOCl^. Nitrate Ca2K03,4H20, deliquescent prisms. 
Chlorate Ca2C103, deliquescent. Acetate Ca2C2H,02, silken 
needles, very soluble.] Calcium bi-carbonate GaGOgfCOs, in 
calcareous waters. Soluble in 400 parts of cold water. Deposited 
as " Stalactites " and " Stulagmites." Temporarily hard waters 
contain CaCOgjCO, ; softened by boiling. Sulphate GaS04,2H20. 
Transparent, flattened prisms as *' Selenite." Kectangular 
prisms as ** Anhydrite." Massive as " Alabaster." Soluble in 
400 of water. Heated below 26o°C., loses water and forms 
•*Gyi)sum," or "Plaster of Paris" CaS04. Contained in all 
spring waters. Superphosphate CaH42F04, soluble in H2O. 
Used as manure and in making F4 (p. 18). Insoluhle oaldnm 
salts. Galoinin carbonate GaCOs. ^^ '' marble" " limestone," 
" oolite," &c. In coral, shells, &c. Dimorphous : in rhomboids in 
*• Iceland spar," and in 6-sided, right rhombic prisms in « Ara- 
gonite." White, pulverulent in " Chalk," and when precipi- 
tated : CaCl2+Na2C03=2NaCl+CaC08. Stalactites are CaCOj. 
Caldnm fluoride GaF2. In cubes and octohedra as " Fluorspar." 
For ornaments and for making HF and 2HF,SiF4. CaJ'2+ 
H2SO4 = CaS04+ 2HF (p. 1 7). Caloimn ortho-phosphate Ca32F04. 
Native as " Apatite " 3Ca32P04,CaF2. In bone-earth or bone- 
phosphate. As a white powder precipitated with 2H2O. 
Ca32P044- 2H2S04= 2CaS04-|- CaH42P04. [Calcium oxalate 
0aC204,2H20, a white powder. So insoluble, used for estimating 
OaO. By heat into CaCOg. Tartrate CaG4H40e, white, insolu- 
ble. In making tartaric acid H2C4H4O J. Sodium calcium 
BORATE [2(HaGa3B02)3B203,18H20], native at Iquique, Peru. 

Calcium is precipitated quantitatively as oxalate, and 
weighed as CaG03, which contains 66 per cent, of GaO. 

3. The metals magnesiixm, zino, and cadminm. 

This group of dyad metals forms many isomorphous salts. 
The metals are volatile and combustible. Each metal has but 
one basic oxide. 

IX. Hagnesinm Hg = 24. 

9. Magnesium Mg = 24. A silver-white, malleable, and 
ductile metal, becoming slowly oxydized in damp air. Sp. gr. 
1.743. FusilDle at a red-heat and volatile. When heated in 
air, it bums with magnificent white light to magnesium oxide 
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HgrO. In HGl it readily dissolves. Mg + 2HG1 = H^+XgCl^. 
Also readily soluble in NH4CI. Frep. of Hg. i. From MgCl^ 
+ Na^ = 2NaCl + Hg. 2. By electrolysis from the fused 
chloride: Mg at the zincode. One oxide: powerfully basic. 
Magnesium oxide MgO = 40. White, infusible, barely soluble, 
as : HYDRATE MgH202, requiring 5 142 parts of water for solution. 
Precipitated from its salts by all hydrates of alkalies and alka- 
line earth?. Sulphide MgS, sparingly soluble. Nitride Mg^Kj 
is crystalline. Salts : Bolnble in water. Magnesium chloride, 
MgClj, white deliquescent mass. Used in making Mg. In 
prisms as HgClj.BHjO. Oxy-culobide MgOjHgCl,. Snlphate 
HgS04,7H20. " Epsom salts." Right rhombic prisms, soluble 
in 3 of cold and i| of boiling water. Nauseous taste. In sea 
and other waters. Springs at Epsom. Frep, From sea-water 
by CaHgOg. Or from dolomite by H2SO4. Nitrate Mg2N0,, 
6H2O, delique?cent prisms. InBOlable salts. Carbonate KgCO^. 
White mineral, known as ** Magnesite." From a solution in 
CO2, as MgC03,3H20. Magnesia alba is basic carbonate 
l[gH202.2(HgC03,H20). *^ Dolomite " is a oaldnm-magnesiTim 
carbonate Ge^tLfftGO^. A valuable building- stone. Magnesium 
HYDROGEN PHOSPHATE MgHF04,7H20, in minute needles. Am- 
monium magnesium PHOSPHATE KHfHgPO^jGHsO. Known as 
" Triple phosphate." Insoluble in ammonic hydrate. By heat 
into: PYROPHOSPHATE MgjPsO;, containing 36.21 per cent, of 
MgO. MgO estimated as such. [Silicates : important minerals. 
Ortho-silicate [2(]IgFe)0,Si02], native as *' Olivine" or chryso- 
lite. Meta-silicate [2(MgO,8i02),H20] is " Picrosmine." "Talc" 
4MgO,68i02. ** Steatite " or " Soap-stone " 3MgO,4Si02. " Meer- 
schaum" 2Mg0,3Si02.4H20. "Serpentine" (2[(l(rgre)0,Si02] 
ll[gH^02,'H^0. Calcium-magnesium silicate (CaHg)0,Si02 is 
found as " Pyroxene " or " Augite." MnO and FeO often sub- 
stitute MgO and CaO.] 

X. Zinc Zn = 66. 

10. Zinc Zn = 66. Bluish-white lustrous metal, very hard. 
Sp. gr. 6 . 8 to 7 . J. Melts at 41 2^C., volatizes at bright-red heat. 
Boils at 1040^0. Brittle, but malleable between loo^C. and 
i$o^C. Oxydizes very slowly in air, hence used for coating 
sheet-iron. Burns with blue flame to zincoxide ZnO. Used 
in batteries as the ''generating** or "positive" plate. Dis- 
solved by acids. Zn + H2S04,H2O = Bfi 4- H2+ ZnB04. Za, 
-\-2liCl = H2+ ZnCl2. 3Zn + 8Hir03=4H2O+2NO-f 3Zn2irO,. 
One oxide: basic. Zinc oxide ZnO, white, flocculent powder. 
Canary-yellow whilst red-hot. " Tutty " is impure ZnO. Used 
as paint. Isomorphous with MgO. Its hydrate ZnHjOj, 
white, gelatinous, and soluble in XH, and in KHO. Zinc sol- 
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pMde ZnS. Native as " Blende/' an ore of zinc. In rhombic 
dodeeahedra. Its hydrate is white, insoluble in KHO : not 
precipitated by HjS in acid solutions of Zn salts. Metallnrgy. 
When roasted, into ZnO + SO2. Then reduced witli charcoal. 
ZnO + C = CO + Zn. Salts : solnble in water. Ghlobidb 
ZnClj,. White, deliquescent, fubible at ioo*^0. Solution forms 
"Burnett's disinfecting fluid." Acetate ZaZC^KfijZafi^ 
used in calico-printing. Insoluble salts. Carbonate ZnCO,. 
Native as " Calamine " the most valuable ore of zino. White, 
wlien pure. Metallurgy. By roasting : * ZnOO, = CO2+ ZnO. 
With charcoal, ZnO + C = CO + Zn. Precipitated as : 8ZnO, 
3C02,6H20. Silicate 2ZnO,Si02,H20 is found as " Electric cula- 
mine." Zinc is best weighed as ZnO, 100 parts contain 80.24 
of nne. 

XI. Cadmium Cd = 66. 

II. Cadmium Cd = 66. Tin- white metal, malleable, ductile, 
tenaceous. Melts at 227.8^0.; boils at 86o°C. More volatile 
than zinc, the ores of which it often accompanies. Bums at a 
red-heat, forming a brown oxide GdO. Acids act as upon Zn. 
One Oxide. Cadmium oxide CdO. Brown. Hydrate CdHsO,, 
white, soluble in NH3. Cadmium sulphide CdS, native as 
" Greenockite,'* in 6-sif!ed prisius. Its hydrate, yellow, and 
precipitated in acid solutions of cadmium salts by H2^7 ^^^ thus 
separated from zinc. The metal obtained by roasting CdS and 
reducing with charcoal. Salts: soluble. Chloride CdCl2,2H^0, 
4-sided prisms. Iodide Cdlj in pearly scales; used for iodiz- 
ing collodion. Nitrate Cd2N03. Sulphate CdSO^jffljO, very 
soluble. Insoluble salts. Carbonate CdCOs white. 

4. The Aluminum Group. Includes : 

Aluminum, iron, manganesium, and chromium. Their 
oxides AlgOsjFesOsjMnjOs, and Ct^O^ are isomorphous, insoluble 
in water, and form a class of salts characterized as " Allms." 
The metals are rather hexads than triads. Iron and manga- 
nesium are dyads in their chief basic oxides FeO and MnO. 

Xn. Aluminum Al = 27.6. 

12. Aluminum Al = 27.6. White, malleable, ductile. 
Very sonorous metal. Sp. gr. 2.5 to 2.67. Fuses at about 
4$ 0*^0. Burns with bluish-white light in oxygen to : oxide 
ALjOa. Dissolved by HCl. 2Al-f. 6HC1 = jH^-l- Al^Cle. Also 
by potassium hydrate. Unchangeable in pure air. Cu^Al is 
" Aluminum bronze." Prep, of Al. o. By electrolysis of fused 
NaCl,AlCl3. h, 2(Na01,AlCl3)-h3Na2=8NaCl-h2Al. c. From 
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2(3NaF41F,) + 3Na,= i2NaF + 2AL One basic oxide. Alu- 
minum oxide AljO,. Found native as *' comndam/* in 
6-sided prisms : " emery '* is pounded corundum. ** Sapphire " 
and **ruby" consist of AljO, tinted. Pure alumina is white, 
and fusible in oxy-bydrogen. Insoluble in water and in acids 
after btrong ignition. Hydbate Al^HeO,, white, gelatinous, 
soluble in KHO. AljO, is the basis of ''clay." Magnesium 
ALiHiNATB ][gO,Al,0,, Constitutes "Spinelle ruby." Zinc 
ALUUiNATE ZnO^Al^O., is "Gahnite.*' ** Bauxite" is hydrated 
aluminum-ferric oxide. Sulphide AI^S,. By burning Al, in 
the vapour of S. N.B. From solutions of salts, Al is precipi- 
tated oy NH4HS as HYDRATE Al^HeOe, white and soluble in 
KHO. Salts : soluble. Aluminum ohlobide AljCl^, yellow sub- 
limate, volatile. AlaO,+ 3O + 3Caj= 3CO + idjCa.. Also in 
crystals AljCl^^Vt'Kjb. Sodium aluminate HajAlO,, white 
compound, very soluble. Aluminum sxtlfhate AljSSOfylSHjO, 
in thin scales, soluble in two of water. Made by dissolving 
AI3O, from clay in H«804. Potassium aluminum sulphate 
KA12S04,12H,0, in octohedra and in cubes, soluble in 18 of cold 
and 2 of boiling water. Loses 5H2O at loo^C, and other 5H2O 
at I20°0., and the rest at 2oo°0. ; cUumen wtum. "Common 
alum." KftA12804,12H20 and NH4AI28O4I2H0O, are isomer- 
phous. Alums are used in dyeing. Insoluble salts. Alominum 
fluoride Al^F^. Native as " Cryolite" SKaF,AlFs in Greenland : 
contains 13 per cent, of aluminum. Mellitate AI2C4O4, found 
native in yellow octohedra, as mellite in lignite. [The " topaz '* 
is [2(AlaO„8iOa),AlaO„8iF4.] Ortho-phosphate AIPO4. The 
"turquoise" is 2Al,0„P20a»5H,0. "Wavellite" 3(4A1«0„ 
3P,Oa,i8H,0)Al,F«. " Lazulite" [2(3[CaMgFe]0,PA)i(4Al, 
0,,3PA)6H20], coloured by " Vivianite.] •*Clay'' is an alu- 
minum liUcate Alfij^,2^0tfiKfi. [" Cyanito " or " disthene " 
AlaOjjSiOa. Among the " felspars " we have : " ortho-clase *' or 
"adularia" K^Al A^^SiO^ : "albite," Na AAl .03,6SiO, ; 
« Labradorite " CaO,Al,03,6Si02, and "petalite" L20,Al508, 
6SiO,. " Pumice-stone is altered felspar. " Obsidian ' is fused 
pumice. " Granite " is a mixture of quartz, felspar, and mica. 
Syenite contains " hornblende '* instead of mica. " Uniaxal 
mica" r4(MgKFe)0,(AlFe)20„4Si02.] " Biaxalmica" [(KFe) 
0,3(AlFe)oOa,6SiOa.] "Hornblende*'^ [5(MgCaFeMn)0,6Si0^ 
aj(KCa)F2.1 Asbestos is a variety of ** Amphibole " or horn- 
blende. " Chlorite "[4(MgFe)0,(AlFe)A,2SiOa,3H20.] Among 
"zeolites" we have; "Analcime" Na20,Al20g,4Si02,2HjO ; 
"Stilbite" CaO,Al,0,.6Si02,6H20; "Prehnite" 2CaO,Al20„ 
3Si0«H20. Ultbamabine is 2Al20„3Si02Al20,4Si02,NajS203, 
3NaaS]. 
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XTTT. Fermm Fe = 56. 

13. Ferrum Fe = 66. Very rarely native, in meteorites. 
Almost silver-white when pure, of sp. gr. 7.844. The most 
tenaceons of motals. Most magnetic. Unchanged in dry air, 
and in water free from air and COj. Rusts in damp air. Bums 
in oxygen to ferrous ferric oxide Fe,04. Melts at 1530^0. 
Decomposes H2O at a red-heat : jFe -f 4H2O = 4H2 -|- iefi^. 
Rendered passive bv HNO3. Dissolved by dilute HNO„ either 
as FeiNOj or Fe3N08. By 2HCI. Fe-f-2HCl=H2-t-FeCl,. By 
H2,S04. Fe + HjSCH^O = H^O + H^ + FeSO^. ** Meteor- 
ites " contain, in addition to iron, nickel and cobalt together 
with a little copper, manganesium, chromium, tin, magnesium, 
carbon, sulphur, and phosphorus. Bar-iron contains from o . 2 
to 0.4 per cent, of carbon; sp. gr. 7.7. When strongly heated 
it softens, and can be ^^ welded " by hammering. Otm of iron. 
*• Magnetite" TeOiFefi^ or Fe304, in octohedra and massive. 
Gives the purest iron. ** Specular iron-ore** FOjOs in rhomboids, 
from Elba and Formosa. Eeduced by charcoal. FOjOg-f 30 = 
3CO + 2F6. ** Bed haematite " Fe^Oa, massive and fibrous. 
*' Brown haematite" 2Fe203,8H20, both fibrous and compact. 
Soluble in HCl. When roasted, it loses water and is easily 
reduced by fuel. ** Spathic iron ore " FeOO,, in yellowish lenti- 
cular crystals, or massive. By roasting : 4Fe0O,+O2=4CO24- 
2Fe20^. And then reduced by heating with C. "Clay-iron- 
stone " is an impure ferrous carbonate, mixed with clay, lime- 
stone, &c. The chief ore of Great Britain. Reduced in the 
Uast-fumace. Uoasted : lime added to unite witli the silica of 
the ore to calcium ortho-silicate CagSiO^ or ** slag," and coal 
to reduce. The "slags" also contain other metals; [i2(0aMg 
MnFe)0],2Al203,9Si02. Cast iron varies much. Sometimes 
Fe^O, with Si from 0,25 to 3.5 per cent. Three kinds of cast 
iron : grey, mottled, and white. In white, all the carbon is 
combined. It is the most fusible. The mottled is coarse- 
grained, and contains visible points of graphite. The grey is 
soft and more fusible than the mottled ; when heated and sud- 
denly cooled, used for making chilled shot. Refining. Carbon 
burnt off and Si got rid of as Fe2Si04. Puddling removes yet 
more C and Si. Alloys. Steel contiEiins from 0.7 to 1.7 per 
cent, of carbon. In cementation process, iron unites with i . 5 
per cent, of C. [Silicide FcjSi. Nitrides FCjN. Fe^N and 
Fe^Ns.] (hddes : two basic, besides an intermediate oxide and 
an acid. i. Ferrous oxide FeO, very unstable per 86 ; black. 
Hydrate 'B^'B^O^, white, unstable, passing by oxydation through 
green, dark-green, and red-brown to ferric hydrate. Ferrous 
SAi/rs. 2. Ferric oxide FegO,, red-brown. •* Bloodstone " is a 
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VBriety of Fe^O,. Its htdblate SVftgO^SHjO, red-brown, bulky. 
Ferric salts. 3. Ferrooi-fBiniB oside FejO^, is black; its 
htdraub Jefi^jKfi U a.ho black. 4. Ferric acid H JeO^, is 
only known in combination. X^^^ forms an amethystine- 
coloured s^)Iation. Prep. By passing CI, thioogh ferric hydiate 
snspendetl in a solution of KHO. Sclphedis. Fesbous sul- 
PHii>B 7e8, reddiah-brown. Either by direct onion of the ele- 
ments or by beatin<7 FeS,+ Fe = 2FeS. Used in making H,S. 
Fe8 4- 2HC1 = FeCl, + HjS. Ferrous salts precipitated as 
black hydrate FeS^H^O by NH^HS. Bi-mlplkide FeS^ " Iron- 
pyrites" or "Mundic;" in cubes of bras»y lustre, ify roasting 
4Feft, + I lOj = 8S0, + 2FejOj. Heated in absence of air : 
3FeS,= FejS^-l- S,. Ferrous ferric sulphide Fe^Sf, magnetic. 
Another variety VeJB^ is soluble in HCL Sulph-absenide 
FeSAs. Phosphide Fe^P, hard and brittle. Makes iron ** cold 
short." 1. SolnUe fernms nits. Ferrous chloride FeCl^ 
white. In crystals TM^,^S^O. Iodide FeIs,4EsO in green 
crystals. By direct union of the elements. IJ&ed in making 
KI. Fel, + K,CO, = FeCO, + 2KI. Nitrate TeSSSO^fiBfi, 
in pale-green rhomboids. [Acetate "FtSHC^Efi^Kfi^ in silken 
ne«lles.| Sulphate, JteSO^JH^O. In sea-green rhomboids, 
soluble in 2 of cold water. Green vitiiol. Its solution absorbs 

0. 2oFeS04+5024- 6HjO = 6Fe,3S04+2(2Fe,0„SOy3H,0). 
Becomes red-brown on exposure : hence " copperas ; * it loses 
water, and by further heat : 2FeS04= Fe,0,4- SO, + SO,. A 
good reducing agent : eFeSO^ -f 2AuCl, = FcjCl^ 4- 2Fe,3S04 
+ 2Au. Bi carbonate FeOOsjOOj, in ciialybeate waters. Absorb 
oxygen, and deposit ferric iiydrate. 2. Xnaolnble ferrous salts. 
Ferrous carbonate FeCO,. White. Most abundant ore. Pre- 
cipitated as greenisli hydrate by an alkaline carbonate. Oxa- 
late 2FeC204,8H20, yellow crystalline powder. Hydrogen 
PHOSPHATE FeHFO^, wliite; becomes blue. Ortho-silicate 
7028104, is finery-slag. Ferrous ferkicyanidb FejFdcyaiSHjO. 

1. Ferric salts: loluble. Ferric chloride FOjCl^, in brown 
scales. Fe2Clfl,6H20, in red deliquescent crystals. Ferric iodide 
Fe2l«. Ferric sulphate Fe23S04) yellowish-white, deliques- 
cent. " Coquimbite ■' Fe23S04,9H2O, a silky, white mineral. 
Forms alums : KFe2804,12H20 ; KaFe2S04,12H20 and HH4FeS04 
12H,0; are isomorphous, with the corresponding Al alums. 
Ferric nitrate Fe3N03,zH.^0. Potassium ferric tartrate 
KFeOG4H40e. Ammonium ferric tartrate NH4FeOC4H40e,2H20. 
Ferric acktate Fe3C2H302, is deep red. 2. Insoluble. Basic 
FERRIC sulphate 2Fe20„S03,3H20, is deposited from a solution 
of green vitriol. Ferric phosphate FeF04,2H20. is white and 
insoluble in aceitc acid HC2H,02. "Vivianite" FeHP04, 
2FeP04,8H20, a blue mineral. FEimic oxalate Fe23C204, is 
lemon-yellow. " Prussian blue " Fe43Fc7,18H20. Iron is esti- 
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mated as ferric oxide FOjO,, containing 70 per cent, of metal. 
A ferrous, easily changed into a ferric salt, by nitric acid. 
6FeS04+ 2HN0,+ 3H2S04= 2NO + 4iifi + 2!FefiB0^. 

ZIV. Maxkgaaesiam Mn = 55. 

14. Manganesium Mn = 56. Greyish-white, brittle metal. 
Magnetic. Sp. gr. 7 to 8. Slowly decomposes water. Frep. By 
heating MnCOs, to whiteness with charcoal, in a smith's forge. 
Oxides : two basic oxides, two indifferent oxides and two adds. 

1. Manganous oxide HnO, is olive-green. Absorbs O from the 
air. By heating MnCO, in a stream of H, to keep off the air. 
MnCO, = CO2 + MnO. Hydrate MnHgOg white, soluble in 
NHg. Kapidly changes to brown manganic hydrate. Salts pink 
or rose -red. Strong base, isomorphous with MgO,ZnO,Fe<>. 

2. Manganic oxide Mn^O,, native as ^'Braunite;" also as *^Man- 
ganite" Mn203,H20 in brilliant right-rhombic prisms. Very 
feeble base : salts red. Isomorphous with AljO, and FcjOg. 
Gives a violet colour to glass, and a red colour to the amethyst. 

3. Manganons-manganic oxide Mn304, occurs native in ^* Haus- 
mannite * in black 4- sided prisms. ObtHined by igniting either 
MnO, or MnCO, or MujO,. Not basic. 4. Manganesium peroxide 
MnOjy constitutes " Pyrolusite," the ore of manganesium. In 
steel-grey rhombic prisms. •* Varvicite " is Mn20„2Mn02.H20. 
Much used in the arts. With HCl, gives Cl^. 4HCI + MnO- 
= 2H20-fMnCl2-fCl2. Heated it gives offO^. sMnO^rrMnjO^ 
+0j. With sulphuric acid: 2Mn02+ 2112804 = 2MnS04-i-2H2O 
4* O,. 5. Manganic acid H2Mn04, is greeu, unstable. Di-bauic 
and isomorphous with H2S04,H2Fe04,andH2Cr04. Manoanates. 
K5Mn04, is ** mineral chameleou." Condy's disinfectant is 
principally Na2Mn04. Solution readUy decomposed by organic 
matters. 6. Permanganic acid HMn04, forms violet salts. 
Potassium permanganate KMn04. in red needles. Is best pre- 
pared by decomposing K2Mn04 with OOg. 3K2Mn04 -{- 2CO2 
= 2K2CO3 -f MnOj + 2KMn04. By decantation and evapora- 
tion. AL-iO used by Condy in his invaluable preparations. Snl- 
phide MnS, native as ^' Manganese blende." As hydrate of flesh- 
coloor, when a manganous salt is precipitated by NH4HS : 
becomes brown by oxydation. i. Manganons salts : solnUe in 
water. Chloride Mn(L,4H20, in tables of pink hue, very deli- 
quescent. Purified from FCgCle in the residues of Clj manufacture, 
by boiling with MuCOj or with MnS,H20 ; Mn takes the place 
ofFe in solution. Sulphate MnS04,7H20, in prisms at 5°C; 
otherwise Mn804,6H20. Acetate Mn2G2H302) used in calico- 
printing. 2. louBolnble salts. Mang^anons oarbonate MnCO,, 
native as " Mnnganese spar " of pink hue, isomorphous with 
FeCO,. Precipitated as : 2MnC08,H20. Phosphate MnHFOf, 
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white powder. Borate Mn2B02, wltite. Oxalate MnCsO^iSHjO, 
white. Febbogyanide Hn^eOgV^, aq., white. Febbicyanide 
M]i,2FeC,H«, brown. Manganio lalts: loluble. Manganic 
chloride MiijCl,, dark brown. By heat into 2MnCl24-Clj. Sul- 
phate MnjSCiO^, forms with K2SO4, manganese alum KMn2S04, 
I2H2O, isomorphous with KA]2804,12H20 and KFe2S04,12H20. 

XIV. Ghromiiim Cr = 62. 6. 

14. Ghbomium Or = 62.6. Steel-grey metul) less fasible than 
Pt. Discovered by Vauquelin in 1797. Sp. gr. 6.81. Insolu- 
ble even in aqua regia. Frep. By strong ignition of chbomic 
oxide Or^Os with charcoal ; or by passing the vapour of Na, 
over heated CrjOle. 2Crfilg + sNa, = 6NaCl + 2Cr. (hddes : 
two basic oxides and one intermediate oxide : one anhydride and 
two acids. CrO. Cr-Oj. Cr fi^. CrO,. HjCrO^. HCr04. i.Chro- 
Mous OXIDE CrO only known as a brown hydbate, which ab- 
sorbs oxygen and becomes hydbate of chbomous ohbomio oxide 
Cr804,HjO. 2. Chbomic oxide OrjO,, green, isomorphous with 
MnsO,, AI2O,, and Fe20,. Hydbate Cr^OaiTH^O, bluish-green, 
precipitated by NH,. Two classes of chromic salts. Green, and 
uncrystallizable ; violet and crystallizable. GrjO, gives a green 
colour to glass. It is the colouring matter of the emerald, 
chlorite, pyrope, serpentine, &c. Frep. of Cr^Og. By heating 
ammonium chbomate (NH4)20rO4. Also by igniting a mixture of 
KjCr^O; with starch. *' Chrome-iron-ore " Fe0,0r20„ is the ore 
of chromium ; in octohedra like FeO,Fe208 and also massive. 

3. Chbomic anhydbide OrO,, in brilliant, dark crimson, deliques- 
cent prisms. It fuses at 200° C., and looks black. By a greater 
heat into CrjOa and O^. From CrF^ -h 8H2O = 6HF + OrOj. 

4. Chbomic acid H20r04, in chbomates. Alkaline chromates 
soluble in water. KfitjO,, in red, 4-sided tables, soluble in 10 
of water. By heat into K2Cr04 and oxygen. K20r04, in yellow 
prisms, isomorphous with K2SO4. Potassium dichkomate 
K2Cr207, is made, by strongly heating FeO.CrjOa with a mixture 
of chalk and K2COJ. Digested in water, K2Cr04 dissolves, and 
is changed into KjCrgO, by HNO,. 5. Perchromic acid HOrOf, 
is violet-coloured and most unstable. Formed by addition of 
H2O2 to a solution ot HjCr04. Chbomic sulphide Cr2S3, black, 
shiny scales. N.B. On addition ofNH4hlSto a chromic salt, 
chbome-hydbate Cr20g,7H20, of blue ish- green colour is preci- 
pitated, soluble with green colour in KHO. Chromium nitride 
Cr3K4, chocolate-brown. Ghromio oxide salts : soluble. Chromio 
chlozide CrjOlg, pale violet-coloured scales. Volatile. Frep. 
20r2O8 4- 3O -i- 3OI, = 3CO + CrjClg. [Chlobo-chromic acid 
0r0l202 dense red liquid, decomposed by water (iHjO) into : 
H2Cr04 and 2HCI. Frep. By distilling NaCl with K2Cr20. 
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and H^Of. Chbomium hexa-fluoride GrF«, a blood-red liquid. 
By 4H,0 = 6HP + H2Cr04.] Chromic sulphate Gr.8804,6H,0, 
green, imcrystallizable. 0123804, 1 5 HjO, violet-coloured and 
crystallizable. Chrome-alum KCi2804,I2BL0 amethysline; iso- 
morphous with KA]2S04,12H20 ; KFeSO^^liHsO. and XMX18O4, 
12H2O- NiTBATE GrSNO,, green salt. Potassium chromium 
OXALATE K^SCjOffSHsO, is blue. KCr2C,04,4H20 is red. Luo- 
luhLe dhromio aalts. Anhydrous sulphate Crs3S04, is red. 
Oxalate 01280204, is green. 

Chromium is best estimated as Or^,, which contains 68.63 
per cent, of Or. 

5. Oobalt and niekel with glndnnm, yttrium, erhiiim, oerivm, 
lanthaninn, didyminm. Thorinnm and nraninm inolndad. 

The chief oxides of this group are protoxides. In fact, they 
are the only ones of importance. Cooalt and ni(>kel are mag- 
netic. Uranium included for convenience : its chief oxide is 
uranic oxide UjO,. 

XVI. Oobftlt Oo = 59. 

16. Cobalt Oo = 69. Reddish-white, brittle metal, discovered 
by Bdmdt in 1733. Sp. gr. B.95. Fusible in a wind-furnace. 
Ma^(€etic. Very tenacious. Slowly dissolved by HCl and H2SO4, 
H,0 ; readily bv HNOg. Frep. From C0C2O4, in the forge-heat. 
Cobalt di-arsenide OoAs,, is *' tin-white cobalt" or ^'speiss 
oobalt '** the best ore. Oobalt lolph-aneiiide OoSAs. in cubes, 
dodecahedra, and octohedra, known as '* cobalt-glance." Oxidei. 
2 basio ozides and one intermediate. Cobaltous oxide OoO, 
greenish-grey. Strongly basic. Isomorphous with ZnO,MgO, 
FfcO. By roasting, it absorbs O and becomes C03O4. Cobaltous 
HYDRATE CoHjO,, is rosc-coloured, readily soluble in NH4HCO,. 
Salts blue or pink. " Zaftre " is an impure oxide. *' Smalt *' 
is a glass, coloured blue by cobaltous oxide. The ore is roasted, 
so as to oxydize the Co, but to leave the associated Ni, Fe, and 
Cu combined with As and S ; it is then slowly melted with 
quartz SiOj, and KjCO,. CoO unites with the potassium silicate 
and forms the blue glass called Smalt The so-called speiss at 
the bottom of the crucible contains sulphide and arsenides of 
Ni, Fe, and Cu. 2. Cobaltio oxide Co fi^; black. By sus- 
pending CoHjOj in solution of KHO, and passing Clj through. 
Thus : 2C0H2O2 -f 2KHO -h CI2 = iC0203,3H20) -h 2KCI. By 
heat into C03O4. Salts gradually pass into cobaltous. Of no 
imjiortance. Cobaltous silphide CoS, is black. Hydrate OoS, 
HjO, also black. By precipitation of a cobaltous salt by NH4HS. 
Cobaltio sulphide COgS,. Cobalt per-sulphide OoSj. Oobaltoua 
salts: soluble. Chloride OoCljjGHsO, in ruby-red octohedra. 
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Potassium cobaltictanide "KficCy^, in yellow prisms. Nitrate 
Ck>2K03,6H20, deliquescent red mass. Acetate Co2C2H,02. 
Insolnble salts. Carbonate SG0GO3.2H2O. Basic carbonates 
8CoO,2CroC03,4H20, is red; precipitated from a hot solution. 
Arsenate Ck>,2A804,8H20, is ^'cobalt-bloom." Cobalt ferro- 
CYANIDE GojFeCye, yellowish-green. Cobalt ferricyanide 
Cl032Cfdy, dark reddish -brown. Cobalt is estimated in the 
metallic form, and as GO3O4, corresponding to 73 . 44 i>er cent, of 
metal. 

ZVn. Nickel Ni = 59. 

1 7. Nickel Ni = 59. Hard, lustrous, white, tenacious metal 
of sp. gr. 8.82. Fusible in •wind-furnace. Magnetic. Readily 
into NiCKELors nitrate, Ni?.NOg by HNO3. Frep. From NiOjO^ 
in a wind-furnace. Much used in making German silver 
ZugNijCuj. The chief ores are : Nickel arsenide NiAs, or ** Kup- 
femickel." Nickel di-arsenide NiASj, or '*• arsenical nickel.' 
Nickel snlph-arsenide NiSAs or ** nickel-glance." Cobnlt and 
nickel are separated by adding an excess of HCy to their mixed 
nitrates, and then pure KHO. After absorption of O from the 
air, the liquid becomes yellow and we i.ave a mixture of Potas- 
sium nickel cyanide 2KCy,NiCy2 and Potassium cobalticya- 
NiDE K3CoCye. If now boiled and Hg2N03 added, the nickel 
salt is alone decomposed and precipitated along with HgO and 
NiH^O^. 2KCy.NiCy2-f HgO + H^O = 2KCy,HgCy2 +NiH20„ 
Oxides. One basic oxide, NiO, and one peroxide Ni^Oa. Nickel 
OXIDE NiO; olive-green. By heating the carbonate Nickel 
hydrate NiHgO,, light-green, soluble with blue colour in NH3. 
Salts green. Peroxide NijO,, black. As hydrate Ni203.3H20, 
also black. Prepared like (Jofi^.'^Ufi. Three sulphides. Nickel 
sulphide NiS, in greyish-yellow capillary crystals as " millerite." 
Precipitated as black hydrate NiSjHjO from nickel salts by 
NH4HS. Persulphide NiSg. Subsulphide NijS. Soluble nickel 
salts. Nickel chloride NiCl2,9H20, in green crystals. Nickel 
SULPHATE NiSOffTHjO, green rhombic prisms, isomorphous with 
7eS04,7H20; ZnSOfjTHsO; MgS04,7H20. Soluble in 3 of water. 
Nitrate Ni2N0s. Acetate Ni2C2H302. Potasshm nickel 
CYANIDE 2EC7,NiCy2,H20, in yellow oblique rhombic prisms. 
Insoluble nickel salts. Carbonate 8NiC032H20. Basic carbon- 
ates. 2NiO,2NiG03,7H20; and 8KiO,2NiG03,4H20. Nickel cyan- 
ide NiCya, apple-green. Nickel ferro-cyanide Ni^FeCy,. 
Nickel Ferricyanide Ni32Fdcy, yellowish-green. 

Nickel is estimated as NiO, containing 78.67 per cent, of metal. 

[XVm. Glncinum = 9.5. 

18. Beryllium or glucinum O = 9.5. White, malleable 
metal of sp. gr. 2 . i. Does not bum in air. Fusible at a bright- 
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red-lieat. The metal is obtained firom glucinum chloride GCl, 
either by electrolysis, or by Na,. One haaio oxide. GLiciNrM 
OXIDE GO. White. Its hydrate is gelatinous like aluminum 
hydrate, soluble in the fixed alkalies, and in ammonium car- 
bonate ; thus it is separated from aluminum hydrate. It dis- 
places NH, from ammonium salts and dissolves. Salts. Sweet 
taste, hence yXvKbs, Glucinum chloride OCl,, sublimes in 
white needles. Crystallizes as GCl2,4H20. Sulphate OSO4, 
4H3O, in octohedra. Potabsitm glucinum sulphate KsSO^tGSOf, 
2H2O. Insoluble salts. Carbonate GOO,. Silicates. Ortho- 
silicate O2Si04, native as '^phenakite.''. Aluminum glndnnm 
silicate SGO.AlsOsteSiOs, constitutes the '^emerald" or *^ beryl." 
If fused with KoCO,, decomposed by HCl and evaporated to 
dryness, SiO, is rendered insoluble. On re-solution in water, 
the two hydrates are precipitated by NH,, and GH2O2 dissolved 
by NH4H COg. Glneinnm alnminate GO.AljOs, is ** chryso-beryl.'' 
6 is weighed as 00.] 

LXIX. Yttrium Y = 61.7. 

19. Yttrium Y = 61.7. Resembles G. Bums brilliantly in 
Oj. The name given from Ytterby in Sweden, where *' gadoli- 
nite,*' as Yttrium, Glucinum, Cerium, and Iron silicate is found. 
One oxide : basic. Yttrium oxide YO, is white and of sp. gr. 
4.842. Its HYDRATE is solublc in alkiiliue carbonates, but not 
in the fixed alkalies. Salts colourless.] 

[XX. Erbium E = 112.6? 

20. Erbium E = 112.6? Its oxide EG forms salts of a rose- 
red colour. In a Buu^en burner, EO glows with a green light 
and furnishes a continuous spectrum crossed by brilliant streaks. 
Impure YO contains EO.] 

[XXI. Cerium Ge = 92. 

21. Cerium Ce = 92. In "cerite," a hydrated basic silicate. 
Two basic oxides. Cerous oxide GeO. Cerous oxalate GeG2G4, 
SHjO, is used in medicine. Potassium cerous sulphate is in- 
soluble in K2SO4. Cerig oxide Cejd^t forms salts yellow and 
red.] 

[XXII. Lanthanum La = 92. 

22. Lanthanum La = 92. Discovered by Mosander in 1841, 
hidden in cerium, hence \av6dvtiv, ** to lie hidden." Its oxide is 
buff-coloured, and forms colourless salts, precipitated by soluble 
oxalates.] 

e 
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[XXm. Didyminm D = 96. 

33. DiDYMitTM D = 98. But little known. Discovered by 
Mosander. Found with lanthanum; so called from ^l^vfios^ 
** twin." Its OXIDE is brown. Hydbate msoluble in the alkalies. 
Salts pink, not precipitated by NH^HS.] 

[XXIV. Thorinnm Th = 238. 

24. Thorintm Th = 288. This metal resembles Zirconium. 
It bums with great brilliancy when strongly heated to thobinum 
OXIDE ThO,. Its hydrate is soluble in solutions of the carbonates, 
but not of the alkalies. ThO, is of sp. gr. 9.4. It is found in 
the mineral ^Uhorite." Salts. Thobikcm chloride ThCl4, is 
volatile. Used in making the metal ThO,-|-2C4-2Cl2=2CO + 
aThd^. Then ThCli + 2N«, = 4NaCl + Th. Potassium thorium 
SULPHATE 2K^4,Th2804,^0, is precipitated by a solution of 

[XXV. Uranium U = 120. 

25. Uranium U = 120. Steel-grey, mallrable met:il. Sp. g^. 
18.4. Bums brilliantly when heatfd. Dissolved by HOI and 
H3SO4. Presents some analogies with Fe and Mn, but is better 
treated separately. Prep. From uranous chloride FCl,, when 
heated with K,. Two hano and two intermediate oxides. UO and 
U,0,; UO,U,0, and iVO.Vfi,. i. Uranous oxide XTO. By 
igniting the oxalate in closed vessels. Its hydrate reddish-brown ;■ 
from UClj by NH,. Salts green. 2. Uranic oxide TS^Oy Brick- 
red: by heating U20„2H20 to 300^0. Salts bright yellow. 
Precipitated by KHO, as potassium uranate K20,2n203, of yellow 
colour. 3. Uranous uranic oxide UO.UsO,, is green. Obtained 
by igniting (4) Di-oranooi nranio oxide 2T70,U,03. Called 
black oxide. Found native as ** pitchblende," tlie chief ore of 
uranium. Prepared by igniting uranic nitrate UjO^^NO,, 
6H2O. Gives a black colour to porcelain. Salts. Uranous 
chloride UCI2, green, deliquescent. Precipitated as black sul- 
phide by NH^HS. Uranic chloride UjGl,, dark-brown needles. 
NH4HS precipitates uranic salts, as yellowish-brown sulpiiide. 
Caldnm di-oranic phosphate Ga2n202,2F04,8H20, a micaceous 
mineral called ^* uranite." Guprio di-uranio phosphate CWSU^Osi 
2F04,8H20, native as ^^ chalcolite."] 

6. ThalUnm, sUver, lead, mercury, copper ana indium. 

[XXVI. Thallium Tl = 204. 

26. Thallium Tl = 204. This metal was discovered by Mr. 
Crookes in 1 861, through the spectroscope. From BaXKhs, ''a 
budding twig," to indicate the green line in the spectrum. 
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Bluish-wbite metal, resembling lead ; of sp. gr. ir . 8i to 1 1 . 91. 
Sp. heat 0.03355 ; resembles silver. A monad metal. Soft and 
malleable. Oxydizes most readily. Melts at 293.9*^0, and 
boms with green light. HNO, and H2S04,2HjO dissolve it 
readily. Bums when heated in chlorine. Prep. From TI2SO4 
by means of Zn. Three oxides; one bade. i. Suboxide? 
1. Thallium oxide TljO, yellow. Its hydrate in pale-yellow 
prisms, very soluble in HjO. Solution alkaline and absorbs CO2. 
Solution precipitates Mg, &c. Peroxide Tl^O,, brown. 
Thallium sulphide TI^S, brownish-blatk, by NH4HS. Salti. 
Ghlobide TlCl, yellowish- white, little soluble in water, less in 
NH,. [Also: TICI2; TJ2CI, and TICI3.] Nitrate UNO,, in 
prisms. Sulphate ^2804, in 6-sided prisms. Forms a thallium 
ALUM T1A12S04,12H20. Carbonate TljCO, in flattened prisms, 
soluble in 25 of water. Salts poisonous.j 
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27. Argentum Ag = 108. Found native, both crystallized 
and massive. The wbitest and most lustrous of the metals. 
Sp. gr. 10.53. Melts at 1023^0. Best conductor of heat and 
electricity. A noble metal : does not tarnish in pure air, and 
its oxide is reduced by heat alone. WIjcu melted absorbs O 
and '* spits " on cooling. Great affinity for S. HNO3 the great 
solvent. When slowly dissolved: 2Ag+3HK03 = H2O-}-HNO2 
+ 2AgH03. Boiled with H^SO^ : Ag + 2H28O4 = 2H2O + SOj 
4- Agl04. Alloys. AggCug. Silver coinage contains 7 . 5 per 
cent, of Cu ; sp. gr. 10.3. Assaying or cupellation. English 
coin requires 5 J times its weight of lead for cupellation; the 
base metal oxydizes and is nbsorbed by the cupel. Oxides. One 
basio oxide ; a sab-oxide and a peroxide. Ag^O : Ag^O and AgjOj. 
Silver suboxide Ag^U, very unstable. Silver oxide AgjO, 
brown. Hydrate aUo brown. Very soluble in NH,. By heat 
into Ag and Oj. Forms salts. Peroxide AgjOj, in grey crystals, 
by electrolysis of AgNO,. Silver snlphide AgjS. Is found 
native as "silver-glance, ' l>oth massive and in cubes, octoLedra. 
The chief ore of silver. ** Red silver ore " is SAgjSiSbjSa. -AiggS, 
black, is precipitated by HjS from silver-suits. Metallurgy. 
The ore at Freyberg contains AgjS, FeS,, FeCuS«. It is first 
roasted with NaCl. AgjS -f 2NaCl + 20j = NagS'O^ + 2AgCL 
CuS + 2O2 = OUSO4. 2CuS + 4NaCl + 4O, = ^'S&j&O^ + Clj 
4- 2CU2CI2. 2Fe82 + 6Na(Jl + 7O2 = 3NajS0j + Fe»,Cl« + SOj. 
The powder is next mixed with water in a revolving cask, 
mixed with scrap iron and after sufficient time to convert FegClj 
+ Fe into 3FeCl2 ; CojClj -f Fe = FeClj + 2Cu ; OUSO4 + Fe 
= FeSO^ + Cu and: 2AgCl + FeintoFeCla4- Ag, mercury is 
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added, and Ihe amalgam fonned with Ag and Cu, washed, 
strained, and heated: Ag with Cn remains. Silver salts. 
I. Soluble. Abi^entum nitrate AgNO,, in square tables, soluble 
in their own weight of water. Fuses at 2r9^C. ** Lunar 
caustic" Reduced by heat. Sulphate AgjSO^, in smnll rhombic 
prisms, soluble in 90 of water. Acetate AgO^HsO,, thin silken 
needles, sparingly soluble in cold water. Flvohide AgF, very 
soluble. PoTASSii'M ARGENTTM CYANIDE 2(EG7,AgC7},H20 in 
rhombic prisms. Used in electro-plating. Soluble silver-ealts 
are irritant poisons. NaCl, the best antidote. 2. Insoluble 
salts. Argentuxn chloride AgCl, native as " horn -silver." 
White, soluble in NH3, insoluble in HNOg. Soluble in NaOl. 
Fusible at iSd^C. Reduced by Zn. 2AgCl + Zn = ZnClg + lAg. 
Also, by heat : 4AgCl + iNagCOg = 4NaCl + O2 + 200, 
+ 4Ag. Bromide AgBr, yellowish, soluble in KBr. Native 
as *'Bromite." Iodide Agl, pale yellow, soluble in KI, inso- 
luble in NH3. Native as "lodite." Cyanide AgCy, white, 
soluble in NH,. Ortho-phosphate Ag,F04, hiight yellow. 
Pyro-phosphate Ag^FjO;, white. Metaphosphate AgFO,, 
white. All phosphates soluble in NH, and in HNO,. Ab- 
SENiTE AggAsOg, yellow. Arsenate Ag,As04, liver brown. 
Both soluble in NHg and HNO,. Borate AgBOs, white, 
soluble in HNO,. Ohromate Ag^'^n ^^'1^ crimson, soluble in 
HNO3. Tartrate Ag^C^'Eflg, white. Oxalate AgsCoO^, white. 
Ferrocyanide Ag4Fe^o, white. Ferbicyanide AgjFdoy, orange. 

XXym. Flnxnbnm or Lead Fb = 207. 

28. Plt'mbum Fb = 207. Bluish-white metal, soft, malleable, 
and ductile. Fuses at 325^6; contracts on cooling. Tamislics 
slowly in damp air. Acted upon hy soft water in presence of 
air and COj, crystals of PbHjOj.PbCO, precipitated. Chlorides 
and nitrites also act upon lead. Readily oxvdizes when heated. 
Nitric acid the chief solvent. sFb + 8HNO3 =" 4H2O + 2NO 
+ 3(Fb2K03\ Oxides: four, only one of which basic. Thfl; 
FbO; 2FbO,Fb02t and FbO,. i. Suboxide Fb^O, black. 2. Lead 
OXIDE FbO, yellow. *' Litharge ** is fused, *' Massicot' unfused 
FbO. Hydrate 2FbO,H20 is white and soluble in much KHO. 
Slightly soluble in water. Powerful base. 3. Minium 2FbO,Fb02. 
Also called *• red lead,** a pigment used as priming. By caie- 
fuUy heating laevigaterl lead-oxide in a reverberatory furnace 
at 32o°C. Di composed by nitric acid. 4. Lead peronde FbOj, 
puce-coloured. Native a» * u-«.^v1«»«m1 o»<^" in brilliant 6-6id€d 
prisms. Prep. From 2ir iaj,^u«>2 oy 4HNO3 = 2(Pb2N03) + 
2H2O + FbOj. Also : Fb2C2H302 -{- Na^CO, -f Clj -f- 2H2O = 
2NaCl -f 2HC2H,Oj -f H^O + CO^ -f FbO^. Absorbs SO^. PbO, 
+ SOj = PbSO^. Lead sulphide FbS, black. Precipitated by 
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H,S eveH in acid solutions. PbS is the chief ore of lead. As 
•'galena' it is found massive, as well as in cubes and dodeca- 
hedia of leaden hue. Metallurgy. PbS is first roasted, and 
changed by oxydation partly into PbO and SOj, and partly 
into PbSO^. Thus : 2PbS + 30, = 280- + 2PbO. PbS + lO^ 
= PbS04. When mixed with unchanged PbS, the doors of the 
furnace being shut, lead is obtained. 2PbO + PbS = SOg + 3Pb. 
PbSO^ + PbS = 2SO2 + 2Pb. Alloys. See Tin. Salts of lead. 
I. Soluble salts. Lead chlobide PbCl,, brilliant needles so- 
luble in 135 parts of cold, and 33 of boiling water. Nitrate 
Pb2H03, in white octohedra, soluble in 8 of water. By heat : 
2Pb2N0, = 2PbO + O2 + 4N0j. Acetate Pb2C2H302,8H80, is 
the " sugar of lead " of commerce. Right rhombic prisms, soluble 
in 2 of water. Basic acetate 2PbO,Pb202Hj02. Goulard's 
extract 2PbO,B[jO,Pb2C2H302. 2. Insoluble. Ozy-chloride 2PbO, 
FbCljt native as "mendipite." Turner's yellow is 7PbO,PbCl2. 
Chloro-sulphide 3PbS,2PbCl2, is red. Obtained by incomplete 
decomposition of PbOlj, by HjS. Bromide PbBr,, white, sparingly 
soluble. Iodide Pbl2» yellow, soluble in much boiling water. 
Pb20l4,4PbC08, is blue. Cyanide PbCyj, white. Ferrocyanide 
PbjFeCyg, white. Ferricyanide Pb82Cfdy. Sulphate PbS04, white. 
Native as " lead vitriol " iti white prisms and octoliedra. Con- 
tained in oil of vitriol. Chromate FbCrOf, native as ^' Lehman- 
nitc," in oblique prisms. Yellow powder when precipitated. 
Di-PLUMBio chromate 2PbO,Clr03, is scarlet. Sulphite PbSOg, 
white. Carbonate PbCO,, native as **Cerussite" in needles. 
White lead PbH202t2PbG03, is the common white paint. So- 
luble in HNOg, as Pb2N03. Formed by the action of COj 
upon 2PbO,Pb2C2H,02. Silicate PbjSiOf. Flint glass 
X^O,FbO,6Si02. Lead silicate and borate 3(PbOSi02), 
3PbO,2B208. Paste or Strass for imitating gems K2O, 3PbO,8Si02. 
Lead salts are poisonous. The best antidote is Glauber salt, 
or Epsom salt. Lsad is weighed as PbSOf, containing 68.31 
per cent, of metal. 

XXIX. Quicksilver or Hydrargyrum Eg = 200. 

29. Hydrargyrum Hg = 200. A metal rarely found native ; 
fluid above — 38°.8C., lustrous like Ag, and of sp. gr. 13.596. 
It boils at 35c°C. Does not tarnish in air, and its oxide is 
reduced by heat alone ; therefore a noble metal like Ag, Au, 
and Pt. Its name from vdap, " water," and Apyvpoy. Forms 
AMALGAMS with the metals. AgHg. CuHg. CuFe. ZujHg. 
PbgHg. Sn^Hg. Dissolved by H2SO4 when heated: Hg + 
2H2S04 = 2H2O+SO2+HgS04. AlsobyHNO,: sHg+SHNO, 
- 4H2O + 2NO + 3Hg2N0,. Or : 3Hg2 + SHNO, = 4HiO + 
2NO + 3Hg22N0,. Oxides: two, both basic. EggO and HgO. 
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I. MsRCUROrs OXIDE EgjO, black. Unstable. From "Egfil^ + 

2KHO = 2KCI + Hfi + EgjO. 2. Mercuhic oxide HgO,. or 

RED OXIDE. A yellow powder, or in red scales, slightly soluble. 

By heating Hg at 4oo^C. for a long time, or by decomposing 

Hg2N0, by heat; or, from HrCI, by 2KHO = 2RC1 + HjO + 

HgO. MBBcuRAaiiNE HYDRATE Hg^HfNjOstSHsO, by pouring NH, 

upon precipitated HgO. Most powerful base. At 130° into: 

3H2O + Hg4H4N20,. Sulphides, i. Mebcuroub sulphide HgA 

black and unstable. By heat into HgS + Hg. 2. Mereoric 

sulphide HgS = 3 vols. Native an *^ Cinnabar," in hexahedral 

prisms. The ore of Hg. Vermilion is artificial HgS. It is 

precipitated black by HjS from mercuric salts. Metallurgy. 

a. By roasting and collecting the metal. HgS +02 = SOj-hHg. 

h. HgS + Fe = FeS + Hg. c. 4HgS + 4CaO = CaSO^ + 3CaS 

+ i^Hg. Salts. I. Soluble mercurons. Nitrate Hg22N0„2H20, 

in efflorescent prisms. Also: Hg20,H20,3Hg22N08; and 2(Hg20, 

H20)3Hg22NO,. Acetate HgCjHgOs, in silvery scales, soluble 

in boiling water. 2. Insoluble. Mercurous chloride ngjCl,, 

or " calomel ** in 4-sided prisms, or as a whitish powder. By NH, 

into NHg2H,Cl. HgjClj + 2NH, = NH^Cl + NHgaHjCl. By 

lime-water into Hack wash (HgjO). Frep. Hg2S04 + 2NaCl = 

Na2S04 + Hg2Cl2. Bbomide "Rgjir^. Iodide HgX, green ; by 

light into Hglg + Hg. Ferricyanide 3Hg27dcy2, brownish-red. 

Ghromate 3Eg2Cr04,Hg20, orange-red. i. Soluble mercuric 

salts. Mercuric chloride HgCl,, is corrosive sublimate. In 

needles, soluble in 16 of cold, and 3 of boiling water. Fuses at 

265°C., and boils at 295 "-O. Violent acrid poison : antidote, 

white of eggs. Coagulates albumen, hence its use in kyanizing 

timber. Forms double salts with KCl, NaCl, and NH4CI. Prep. 

HgS04 + 2NaCl = NaaSO^ + HgCLj. Bromide HgBr,, crystal- 

lizable. Mebclrio cyanide HgCy,, rectangular prisms, soluble 

in 8 parts of water. By heat into Hg, Cyj, and paracyanogen. 

OxY-CYANiDE Hg03gC72» ^^ ueedlcs. KJFeCy, -f- 3HgS04 = 

2K2SO4 + FeS04 + 3HgC^2- Nitrate 2Hg2N0s,H20. Also : 

HgO,Hg2NOs,2H20. 2. Insoluble. Mercuric oxychlorides^ 

by the action of KHCO, upon HgClj, or by boiling HgO with 

HgClj. 2HgO,HgCll2. SHgO,HgGl2. 4HgO,HgCll2 Ghlorosul- 

FHiDE 2Hg8,HgCl2. White ; obtained by adding HjS to HgCl, 

in excess. Ohloro-amide NHgHgCl, or ^^ white precipitate " is 

made by adding NH, to HgOU- HgCl, + 2NH, = NH4GI -f 

KHfHgCl. Mercuric iodide Hgl,, is scarlet and readily soluble 

in excess of potassium iodide. Hydbargammonium iodide 

NHgsIiHjO, is brown. It is occasioned by the use of Nessler's 

test (a solution of mercuric iodide in potassiuhi iodide, to which 

potassium hydrate has been added) to a liquid containing NH,. 

Mercuric ferrocyanide HgsFeCy,, white. Sulphate HgS04, 

white crystalline powder, decomposed by water into 2HgO»HgS04 
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or *' mineral turpeth," which is yellow, and an acid salt which 
dissolves. Di-hercubic nttb^tb 2Hg0,Hg2ir0sA0 is yellow. 

Salts of mercury are readily reduced by Cu, and by stannous 
chloride. The metal is best weighed as such. 

XXX. Capmm or copper Ca = 68.5. 

30. CuPBCM Cn = 63.5. This metal is frequently found native 
in cubes, octohedra, dendritic crystals, and massive. Tho name 
from Cyprus. Lustrous, malleable, ductile, tenacious, it is of a 
red colour. Sp. gr. 8.952. Melts at 1091^0. It is next to Ag 
as a conductor of heat and electricity. Corrodes slowly in damp 
air; rapidly in salt water. Heated to redness, black oupric 
OXIDE CnO formed externally. H2SO4, boiled with Cu : Cu + 
2H28O4 = 2H2O + SO, +CnS04. Nitric acid gives Cu2N0a. jCfu 
+8HK0, = 4H20 + 2NO + 3(Gii2H08). Alloys. Brass isCOsZn. 
MuNTz METAL Cn^Zn,. Speculum metal CvlJBisl. Bell-metal 
Cn^Sn. Bronze contains less tin. Oxides: Two basic oxides and 
one stib-oxide. Cu^OandCuO. CU4O. i. Suboxide Cn^OtXHsO; 
green hydrate. 2. Cnpreoiui oxide Cu,0, red ; native in '* ruby 
copper ore,*' in octohedra. As yellow hydrate 4Cu20,H20. 
Prep. By reducing a cupric salt, or fi-om a cupreous salt by KHO. 
It is soluble in NH,, and forms a colourless liquid. 3. Oaprio 
oxide CnO. Black. Barely native. Hydbate OaKfi^ blue, 
and soluble in NH3, as an ammoniated salt of blue colour, C11SO4, 
aNHj.HzO. Loses its water wiien boiled, and blackens. Gives 
a green colour to glass. CuO is best obtained by heating nitrate 
to redness. A cupric salt is reduced in presence of sugar ; on 
addition of KHO and heat, cupreous oxide is thrown down, Tbi- 
cuPBic nitbide G1I3K, dark-green powder. Cupbeocs hydbide 
Cu^H, or CuH. At yo'^C. into H^ 4- 2Cu. Phosphide Cu^Pa, 
black. SolphideB. cfapreous sulphide CjLfi, A mineral, in 
6-8ided prisms., The '* tine metal ' of smelters. Cupric sulphide 
CqB, in flexible blue plates, — a rare mineral. As a dark-brown 
hydbate, from cupric salts by HjS. Copper-pyrites FeCuS,, 
both massive, and in tetrahedra of brassy lustre. The ore of 
copper. Hetallnrg^. i. Calcining. Fe chiefly oxydized, S 
volatilizing as SO,. 2. Melting for coarse metal. FeO slagged 
oflf by SiOg as Fe2Si04 : Matt Cu,8 with some FejSg remaining. 
3. Becalcining. All Fe oxydized. 4. Melting for fine metal. Re- 
maining FeO slagged off; CugS or '* fine metal" remaining. 5. 
Roasting and reduction, i. Cu^S + 2O2 = SO, + 20ttO. 2. 2CuO 
+ CiijS = 6O2 = 4CU. Blistered copper. 6. Refining. Fused 
in a reverberatory furnace; much CuO formed, reduced by 
charcoal and poling with trunk of a young tree. CapreouB salts. 
Unimportant. Capric salts. Soluble. Chlobidb CnCl2,2EsO, 
green deliquescent needles. Copper foil burns in Clj. Soluble 
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in alcohol. Bromidb CuBr.. Sulphate Cii804,5H20 ia blue 
doubly-oblique rhombs, soluble in 4 of water. Anhydrous at 
2oo°0. Nitrate Cii2K0s,6H20, in blue rhomboidal prisms. 
Acetate Cii2C2E|0,^0, in green oblique rhombic prisms. '* Ver- 
diter.'* When verdigris is treated with water CuO,2(Cu2C,H,02). 
6H2O dissolves. IxuioliiUe salts. Gabbonates. CnOO, unknown. 
Chessylite CaH,0.,2Cii00„ crystallizes iu blue oblique -rhombic 
prisms. HalaoUte CnH«02,CiiG0|, often beautifully veined. 
Common malacliite is used as an ore. First roasted. CaH^O^ 
CttCO, = Hfi + CO2 + 2CuO. Then CaO + C = CO + Cu. 
Fkrrooyanidb Co^FeOyf, red-brown. Febbictanide Cii,2Fod7, 
yellowish-green. Cupkic arsenite CoHAaOg, is Scheele's green. 
CuPRio ARSENATE CiiHAsOf. is pale greenish blue. Verdi^iris is 
Di-cuPBTC ACETATE CnO,Cn2C2H,02,6H20, by water into : 4CuO, 
2 Cii2C2Hs02),8H20 and a soluble sesqui-basic salt 

Ck>pper is estimated as CaO, 100 partd of which contain 79.8s 
per cent, of metal. 

XXXL Inditim In = 72? 

31. Indium In = 72. White, malleable metal of sp. gr. 7.36. 
It is precipitated from its salts by Zn. DlBCovered l>y Reich and 
Ilichter in a zinc-blende at Freyberg. Exhibits in the spectro- 
scope 2 bright lines in the blue and indigo, one line more refran- 
gible than the blue line of Strontium. Its oxide ia white and 
insoluble in alkalies. Not precipitated in acid solutions by HjS. 
SuLiHiDE is yellow. Chloride white and deliquescent. 

7. Gold, Flatinnm, Palladinm. Bhodinm, Bntheninm, 
Offminm, and Irlditun. 

XXXn. Aumm An = 196. 7. 

32. AuBUM or GOLD An = 196.7. Always found native, both 
massive and crystallized in cubes, octohedra, and tetrahedra. In 
California, Australia, Ural Mountains, &c. Bright yellow, lus- 
trous metal of sp. gr. 19.34- Most malleable ; gold leaf ^g^ of 
an inch in thickness. Inferior to Ag and Cu in conductivity. 
Melts at iio2.2C°. Untamisbable. A noble metal. Only 
attacked by aqua regia; dissolved as aubio chlobide And,. 
And by ClsfBr, and F,* Alloys. Standard gold contains 8.33 
per cent, of Cu Ag, and Au, separated by quurtation process ; 
i.e.t fusing with so much Ag that the An forms ^. Au is left 
behind, when UNO, employed as a solvent. Two ozidei. An,0 
and An20,. Both basic, but aubig oxide Aufi^ as much elec- 
tro-negative. I. ArBous oxide Axl^O, dark-green powder. 
Most unstable. Aurous chlobide AnCd, as a yellow powder, 
insoluble in water, is obtained by carefully heating AuClg 
at i75^C. By boiling water, into 2Au and AuCl,. 2. Aubio 
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OXIDE Aii,0,, as a yellow hydrate from AnCI, by M<rH«Oj. 
At 245^^0., into An and O^ PredpitaU-d ly KHO fiv>m AuClj, 
POTASSITM AUBATE XAjiO^JSKfi. With XH, a fulminating 
compound. AuBOUS-ArKic sclphide AiI;B,Ab.8,, is Ma-k, and 
soluble in alkaline sulphides. Arsic cmloiude And, red« 
deliquescent salt. At 175'X^. into AuCt a^id tli<'n intn Au and 
CI. Solution reduced by: 2AuCl^-{- 6FeSO,= FeX1« + 2 Fe, 
3SO4) + 2AiL 2AUCI, + 3HAO4 = 6HC1 + tCO, + lAn. 
2AUCI, + 6HjO + 3SO, = 6HC1 + 3H,SO, + 2A11. 2AnCl,+ 
sSbClj =r 3SbC5l5+ 2 An. Also reduced by P^, Cn, Hsr, Zn, Fe. 
Purple of CSaasiiii SnAu^fin^Au^^H^O. Uded &$ a test and for 
colouring Bohemian glass. 
Gold is always weighed as An. 



XXXm. Flatiniim Ft = 197. 

33. Platintm Pt = 107. Is always found native, and as an 
alloy with Palladium, Osmium, Iridium, Khodiuni, and Ruthe- 
nium, in the Ural Mountains, Brazil, and Oylon. Discovered 
by Wood in 1741. White, la^-trous nietaL very malleable and 
ductile. Sp.gr. 21.5. A noble metal. Aqua regia dissolves 
it as pLATtNic CHLOBIDE PtCl^. Very difficult of fusion. Can be 
welded. Spongy platinum is obtained by heat*ng 2NH4CI, 
PtCl4. Platinum black is obtained by boiling a solution of 
platinous chloride in potassium hydrate witU alcohol. Metal- 
lurgy. The platinum-ore is treated with aqua regia, which 
dissolves Pt and Pd as chlorides : thu solution is precipitated 
by NH4CI as 2NH^Cl,PtCl4, which by heat is changed into : 
2NH4CI 4- 2CI2-I- Pt. Two oxides : feeble bases, i. Platinous 
OXIDE PtO, as black hydrate, by neutralizing a solution of PtClg 
in KHO with H2SO4. Platinous chloride PtCl, is olive-brown 
and insoluble in water. 2. Platinic oxide FtO, dark brown. 
Hydbate FtOsjSHjO: forms crystalline compoundsj with the 
alkalies. Platinic chloride PtCl^ red, deliquescent salt, very 
soluble in alcohol and ether. When heated at 235°0., into 
PtClj ; at a higher temperature into Pt and Cl^. Forms double 
salts with all the alkaline chlorides. 2KCl,FtGl4, yellow and 
so nearly insoluble, especially in mixed alcohol-ether, that it is 
employed for estimating Kj in combinations. 2NH4Gl,PtGl4, 
also yellow and inKoluble ; see also Os, Rb, and Na. Platinous 
sulphide PtS, is black. Platinic sulphide PtS,, also black, some*^ 
what soluble in alkaline sulphides. [Platino-ammonia bases. 
Gros's salts. Di-pla tin amine perhydkochloratb PtN4Hg4HCl. 
Baewshfs salts. Nitrate Pt2Cl2N8H2oO,4HN08. Beisets. Pla- 

TOS AMINE HTDROCHLORATE PtN2H4,2HCl. DiPLATOSAMINB HT- 

dbochlorate PtN4Hio,2H01,H20 ; Magnus's green salt contains 
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PtClj in addition. Gerhardi^s. Platinamine htdbochlobate 
PtNjH2,4HCl. Di- platinamine htdbochlobate PtN.H-, 

Platmnm may be weighed either as Pt, or as sNH^Cl^PtCl^, 
vhich contains 44. 1 7 per cent, of Pt. 

[XZXIV. PaUadinm Pd = 106.6. 

34. Palladium Pd = 106.6. Discovered by Wollaston in 
1803. Very white, hard metal; malleable, ductile, and tena- 
cious. Sp. gr. 11.4 to ii.H. Net fusible in a wind-furnace. 
Dissolved by HNOg, and by aqua regia. Tincture of I heated on 
Pd leaves a blue stain. Metallubqt. After removal of 2NH4OI, 
PtCl4, Mercuric cyanide is added : Palladio cyanide PdCy, 
is precipitated. Ignited, it leaves Pd. Three oxides : all basic. 
Palladious oxide PdjO. Palladio oxide PdO, black. By 
heating Pd 2X0, to redness. Palladio di-oxide PdOj, yellowish- 
brown hydrate. From 2KCl,PdCl4 by KHO. Palladio sul- 
phide PdS, from PdO salts by H28. Palladio ohlobide PdCl, 
black. Crystals brown, hydrated. Ammonia-bases like those 
of Pt. Palladamine PdKjEgO. Palladio iodide Fdl,, black 
powder, insoluble. Cyanide PdCyj, yellow. Sulphate Pd804 ; 
deliquescent red-brown salt. 

Palladium precipitated as PdCy,, weighed as Pd.] 

[XXXV. Bhodium Bo = 104.8. 

35. Bhodium Bo = 104.8. Discovered by Wollaston in 1803. 
One-half per cent, of platinum ores. Obtained from 3NaCl, 
EoCl,,9H20, which is insoluble in alcohol. Bo obtained by 
precipitation with Zn. White, malleable metal of sp. gr. 12. i. 
Salts rose-red ; from ^oZoy^ **■ a rose." Two oxides : one basic. 
Bhodium sub-oxide BoO. Bhodium oxide BO2O3, greenish- 
grey hydrate. B08. Bo^Sg, as a brown hydrate. B0CI2 ; BOjds. 
Bhodium chlobide BoCl,. From 3KCIl,BoCl, by H2F,SiP4-] 

[XXXVI. Batheniom Bn = 104.2. 

36. BuTHENiUM Ba = 104.2. Discovered by Claus in Pt. ores 
in 1845. Hard, brittle metal. Most infusible. Sp. gr. 11. 4. 
Becomes oxydized when heated, or by fusion with KNO,. 
'Poor oxides. BuO. BUjO,, the most stable. BaOj and buthenio 

ANHYDRIDE BuO,. SULPHIDES. BoS, Bl^S,, B1183. ChLOBIDES. 

BnClf. BuCl,. BUCI4. Metallurgy. The platinum residues are 
roasted in a current of air : BaOj is mechanically carried for- 
ward by Osmium tetroxide, and deposited in square prisms.] 
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[XXXVn. OBmiun Ob = 199. 

37. Osmium Os = 199. Discovered by Tennant in 1803. 
Chiefly in Osmium-iridium. Bluish^white metal of sp. gr. 2 1 . 4. 
Very infusible. Burns to osmium tetroxide Oi04. From 
08O« H- 8Hg+ 8HCI = 4H2O + 4Hg,Cl,+ Os. From the pungent 
irritatino^ odour of O8O4, it has its name from 6afi^ ** smell." 
Fiye oxides. OsO. OSjOs^OsOj.OtO,. OBO4. Osmium tetboxidb 
OSO4, in colourless needles, very fusible : liquid boils at loo^O. 
Odour very powerful. O8S4, as a black hydrate by HjS. Ohlo- 
HIDES. OsGl,. OsGl,. OSCI4. OsQe. Potassium - OSMIUM OHLOBiDB 
2KGl,OsCl4, in red octohedra.] 



[XZXVni. Iridium Ir = 197.1. 

38. Iridium It = 197.1. Discovered by Tennant in 1803. 
Sometimes native. Also in Iridium-osmium. White, brittle 
metal, of sp. gr. 21.15. MetaUitrgy. After roasting the plati- 
num residues, they are fused with KHO, and thus Ru is further 
removed by lixiviation : they are then fused witli KNO,, and 
the product boiled with water in order to remove K20s042H,0. 
The residue consists of IrjO, and Ro^O,. Boiled with aqua 
regia, Ir is dissolved as IrClf, leaving RojO,. On adding 2 KOI, 
POTASSIUM iridic CHLORIDE 2KCl,Ir34 is deposited in crystals. 
In a stream of H,, the salt is leduced, and KOI removed by 
washing. Three oxides. IrO.Ir2O3.IrO2. Sulphides. IrS.Ir2S,.IrS2. 
Chlorides. IrCl,. Irdj. IrClf. From the rapid changes of colour, 
owing to the rapidity with which the oxides pass into one 
anotiier, the name Iridium was given, from Iris, '^the rain- 
bow."] 

8. Metals whose oxides are either weak bases, or play the 

part of acids. Includes Tin, Molybdennm, Wolfram, 

Niobinm, Tantalum, and Vanadium. 

ZXXIX. Staimam or Tin Sn = 118. 

39. Stannum Sn = 118. Very white, lustrous, malleable 
metal. Sp. gr. 7.292. Melts at 227,8°0. Tarnishes slowly 
in air. By HCl, slowly into stannous ohlobidb SnOl,. Boiled 
with H2SO4, into stannic sulphate Sn2S04. HNO3 into mb- 
TA-STANNio ACID HsSu^On^^HsO. Alloys. Britannia metal, 
equal parts of Sn, brass, So and Bi. Pewter, 4 parts of Sn and 
I of Pb. Fine Solder^ 2 parts of Sn to i of Pb. Common Bolder 
of equal parts of Sn and Lead. Coaree solder, i of Sn to 2 of 
Pb. See Copper. Amalgams. SeeHg. T^ree oxides, r. Stan- 
nous OXIDE SnO. Black, burning to SnO„ when heated. Ht- 
DBATE SSnOtHjO, white, soluble in KHO. Stannio oxide SnO,, 
white. Native as tin-stone, in square prisms and massive. 
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The ore of Sn. In veins in the Granite and Killaa in Cornwall, 
Malacca, &c. Metallurgy. By careful roasting, much Asfi^ 
and SO, is got rid of, from the accompanying FeSAs and 
FeCuS, : Fe^Oj and CUSO4 remain mixed with the tin-ore. It 
18 then moistened, exposed to air and lixiviated. The washed 
ore is then reduced with charcoal. B11O2+ 2C = 2CO + Sn. 
Stannic acid H^enO,. white gelatinous precipitate, forms salts: 
KjSnOj.jHjO and Na^SnO,, 3H,0. Insoluble in NH,. In 
HCl, as stannic chloride SnCl^. At t40°C. into metastan- 
nic acid. From SnCI^ by NH„ or by CaCO,. Metastannio 
ACID H,8n30„.4H,0. By the action of HNO, upon Sn. In- 
soluble in HNO,. HCl combmes with it ; insoluble. Soluble 
m KHO. MfcTASTANNATEs. K2Sn,0„,4H20. 3. Stannous 
STANNIC oxide Sn^Oj. Sulphides. Stannous sulphide SnS, 
brown. By H^S from SnCi,. Soluble as SnS^ in (NHJjjSj. 
Stannic sulphide 8nS„ as yellow hydrate, easily soluble in 
NH4HS or any alkaline sulphide. "Mosaic gold" is SnS,, 
bright-yellow flakes. Chlorides. Stannous chloride SnCl^, 
2H2O. In prisms. By water, into oxy-chloride SnO,SxLCl243H.O 
and 2HCI. Reduces : iHgCI, + SnCl^ = SnCL + Hg,CL. 
HgjCl, + SnCl, = SnCl, + 2Hg. SnCl^ may be obtained L 
BuUer of tin, by distilling HgCl2+ Sn = Hg -f SnClj. Stan- 
nic chloride SnCl4,6H20 in rljoujboids. Obtained by adding 
aqua regia to stannous chloride. SnCl4, by distilling 2B.gQl^-{~ 
Sn = 2Hg -f SnCl4. Purple of Cassiue SnAu2Sn20«,4H20. 

Tin is estimated as SnO^, which contains 78.66 per cent, of 
Sn. 

[XL. MolybdBnom Ho = 96. 

40. Molybdenum Mo = 96. White, brittle metal, very diflicult 

of fusion. Sp.gr. 8 .62. Name given from fio\6fi^aiya " a mass 

of lead," which its ore, Molybdic sulphide H0S2, resembles. By 

roasting, into molybdic anhydride MoO, ; reduced by charcoal 

in a smith's forge in a crucible lined with charcoal. Three oxides, 

two basic and one acid. MoO. MoOj. M0O3. Molybdous oxide 

MoO, black. Hydrate, insoluble in alkalies. From MoO, by 

Zn and HCl. Molybdic oxide MoO,, dark brown. Igniting 

NajMoOj, and NH4CI, and digestion in KHO solution, to remove 

any molybdate. Molybdic anhydride MoO,. Buff colour. 

Reddens litmus. Molybdates. (NH4)2Mo03 in square prisms. 

Lead Molybdate PbMo04, native in yellow crystals. Molybdic 

tbtramolybdate Mo02,4MoO„ is blue. By SnOlg in a molybdate. 

Sulphides MoS,. MoS,. M0S4. Molybdic stdphide MoS, in thin 

flexible, plumbago-like leaves. The ore of Mo. By roasting and 

byHNO, into MoOa. Chlorides. Mod,. M0GI4. Chloro-mo- 

LYBDIO ACID MoOaCl,. 

Mo is estimated as MoS, : contains 60 per cent, of metal.] 
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[XU. Tungsten W = 184. 

4T. Tungsten or wolfkam W = 184. Iron-grey metal of sp. 
gr. 17.6. From TTNGSTio anhydride WO, with charcoal in a 
smith's forge. By aqua regia and by HNO3 into WO,. Two 
oxides ; and an intermediate one. WO,, brown. By heating WO, 
in a stream of H^. NajOjWOjiWO,, in yellow cubes, with 
metallic lustre. Tungstio anhydride WO,, straw-yellow powder. 
Caldixxn tongstate CaWOf, is *' Sclieelite" and MnWO^.SFeWO^, 
••Wolfram." Tlngstio acid H^WO^. Meta-tingstic acid 
HjW40,3. SuLPHiiES. WS2.WS,. Chlorides. WCl4.WCl«. Chloko- 

TLNGSTIC AC!D WOjCl^. 

Tungsten is weighed as WO, ; contains 79. 32 per cent, of W.] 

[XTiTT. Colnmlniim or NioUnm Kb = 94. 

42. Niobium Nb = 94. Fonnd by Hatchett in iPoi in Colum- 
bite. Known only as a black powder, not acted upon by HNO,, 
and little by HCl or H2SO4. Niobic anhydride NbgOj. Chloride 
NbCls. Flioride NtFj. Oxy-pluoride NbOF,. In its aflSuities 
resembles Phosphorus.] 

[Xim. Tantalum Ta = 182. 

43. Tantalum Ta = 182. In tantalite and yttro-tantalite by 
Ekeberg. TajOg. ? Potassitm tantalic fluoride 2Kr,TaF5.j| 

[XLIV. Vanadium Y = 61.3. 

A4. Vanadium V = 51.3. Discovered in 1830 by Sefstrom. 
^letal not known. Four oxides. V^O^. VgO,. V2O4. VjO,. Salts 
of VjOg, lavender coloured. V2O3 is black. Obtained from y.fii 
by reduction with H.^. Salts brown or green. V2O4 forms blue 
salts. Vanadic anhydride VgOj, brownish-red, fusible, sparingly 
soluble, but strongly acid. Ammonh'M meta-vanadate NH4VO3, 
in crystalline grains. ** Vanadinite ' is PbCl2,8(Pb32V04) is 
the chief ore of vanadium. Vanadium chlorides not well known. 
Vanadic oxy-chloride V0C1„ yellow, fuming, volatile liquid. 
By 3H2O = 3HCl-i-H3V04. NiTRn)E8. VH. VKg.] 
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SKELETOir K0TE8 OK AHALY8I8. 
PreliininAry Tests. 

I. For boies; in soluble salts. Including AsjO,, ABfi„ and 
Cr,0,. 

Preliminaby examination. — a. Coloured or oolonrlees. — 
h. Neutral, alkaline, or acid, to test papers; — if acid, efferres- 
cence or not, with or without precipitate on addition of sodium, 
earbonate ; - if alkaline, from nature of the salt or from free 
alkali or alkaline earth, by nitrate of silver. — c. Sodium car- 
bonate (unless previously added) : apply heat, if no precipitate 
in the cold, if no precipitate even on heat, absence of all 
metals the carbonates of which are insoluble, d. Heat on 
platinum; or in test-tube, if a dilute solution. Completely 
volatile without residue : or with residue, volatile (salts of NH„ 
Hg, Ab,0„ AsjOs ; chlorides of Sn, Sb, certain organic acids, 
&c.) : or with residue, visibly decomposed, with or without car- 
bonaceous residue (various organic salts, those of alkalies and 
alkaline earths leaving an ash alkaline to test-paper, and effer- 
vescing on addition of HGl ; also certain organic acids) : or with 
carbonaceouB residue burning to GO, (certain organic acids). 
Giving oolonr to flame. (Potassium, violet; Sodium, yellow; 
Lithium, purple ; Barium, yellowish-green ; Strontium, crimson ; 
Calcium, reddiBh-yellow ; Free boracic and phosphoric acids, and 
salts of Thallium, green ; Copper, green ; Cupric chloride, blue ; 
Salts of Antimony, Arsenic, and Lead, blue, &c.) Fuse on pla- 
tinum (nearly all salts of alkalies and alkaline earth). Moisten 
residue with H^SO^, and heat again ; if borates and phosphates, 
green colour to flame, e. Deflagrate on eharcoal: nitrates, chlo^ 
rates, bromates, and iodates. 

N.B. — It is frequently advisable to examine the volatilized 
substance. Then transfer to narrow glass-tube open at both 
ends, it' a solid ; or heat in a narrow test-tube. If the substance 
solid, look to colour; form; try efiects of heat, solubility in 
water. If portion insoluble in water, use HGL If still a residue, 
HHO3, must be tried. Any portion insoluble in both acids, 
must be fused with four times its weight of a mixture of NajCOj 
and EjCOs. Observe the following obdeb in applying the 

TESTS TO solution OF A SALT CONTAINING ONE BASE .' Test-papcrS ; 

Sodium carbonate ; Hydrochloric acid ; Hydrochloric and Hydro- 
sulphuric acid; Ammonium hydrosulphide ; Ammonium car- 
bonate with chloride ; Sodium ammonium phosphate ; Potassium 
hydrate ; and, finally, Platinic chloride with hydrochloric acid. 
Por discovery of the aidd in a salt (removing the bases of the heavy 
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metals if necessary by sodium carbonate^ the lea ling te ts are : 
Hydrochloric acid. Hydrochloric and Hydroaulphuric acid. Ba- 
rium chloride with subsequent addition of nitri«^ acid, Silver 
nitrate, with subsequent addition of nitric acid, and ammonia to 
the carefully-washed precipitates. In case of nitrates, liberate 
the acid by oil of vitriol, and add the characteristic tests, mt'tallio 
copper and Ferrous sulphate. Salts of organic ucids recognized 
by effects of heat on platinum ; by testing tlie residue, if any, 
with red litmus ; and by addition of hydrochloric acid. 

Tests for Bases : in soluble salts. 

I. Hydroohlorie acid occasions a precipitate. Sulphides Uack 
or brown-Uack, insolnUe in HH^HB. [N.B. — HCl added care- 
fully will also precipitate Antimonous hydrate from tartar 
emetic, Arsenioas acid from an arsenite, nml Potassium hydrogen 
tartrate from potassium tartrate : precipitates readily solultla in 
excess. If weak solution of lead-salt. HCl may not ourasiou a 
precipitate, or one immediately soluble : tlion add "H^S.^l 

I. Lead oxide PbO, yellow. PbH^Oj, white. Chief common 
salts. Acetate, nitrate and chloride. Neutrnl or feebly arid. 
Goulard s extract ulkaline.) HCl, as white PbClj, soluble in HCl 
and in boiling water, not in NHg. In fresh poitinn, H^S black 
PbS. In solutions of PbClg in HCl, a red precipitate of 2PbCl„ 
3PbS. HSjOOa, white PbH20,,2PbC05. KHO, white PbHjO, 
soluble in large excess. NH3, white PbH,0,, partially; in- 
creased by he it. H^SO^, white PbS04. XgCrjO, yellow PbCrO^, 
soluble in KHO. KI, yellow Pblj, soluble in much boiling 
Water. K^FeCyg, white PbjFeCvg. The metal precipitated by 
Zinc. On charcoal with blowpipe, yellow crust ; malleable 
globules. N.B. — Lead must also be sought for in Group II. by 
H^. 

[2. Thallium oxide Tl^O, in h3'drated prisms, very soluble in 
HjO, and alkaline. (Chief snlts, nitrate, sulpltatc, and chlo- 
ride.) HCl, yellowish -white TlCl, sparingly soluble, less in 
HCl. HjS, little reaction. NH4HS, brown-black Tl^S. KHO 
and NHg, no precipitate. Ka^CO,, white Tl^CO, only in strong 
solutions. TLfiO^, none. K^Cr^Or, pale-yellow Tl2Cr04. KI, 
reddish-yellow Til. Zn precipitates Tl. On charcoal with 
HajOO,, brown crust, with malleable metal, like lead. Heated in 
glass tube, a brown sublimate.] 

3. Hercurons oxide EgjO, black. (Chief salt, nitrate, strongly 
acid. Insoluble salt, IMercurous chloride HgjCla.) HCl, yel- 
lowisb-white Hg^Clj. insoluble in HgO, blackens with NH„ into 
NHg^H^Cl. HjS, black Hg^S. Ha^COa, Wack Hg^O. KHO, 
black HgaO. KI, green Hgjg. K^Ct^Oj, red Hg^O.jHgjCrO^. 
K4FeCyo, white Hg^FeCyg. SnClg, first, white HggClg, then grey 
Hg. Precipitated as Hg by Ou, Zn, Fe : Hg, sublimes in tube. 
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Salts volatile on Pt foil, with or without decomposition. Bednced 
by Ka^CO,* in a tube. 

4. iLrgentam oxide Ag^O, dark brown, soluble in NH,. (Chief 
soluble salt AgKO,, neutral.) Hd, white AgOl, insoluble in 
H,0, and in HNO,; foluble in NH,. H,8, black Ag,S. Hft^CO,, 
white AgjCOj, soluble in NH„ and Ammonium salts. KHO , 
brown Ag^O. Also NaHO. BaH,0,, SrHjOj. and CaH,0,. HH, 
brown AgjO, in neutral sols. only. XI, yellowish Agl insoluble 
in NHg. KsCrjOr. crimson A«j:2Cr04. Precipitated by Ee, Cu, 
Zn, Hg. On charcoal with KfLjCO,, reduced without incrusta- 
tion; silver- white. 

n. EGl + HjS. MetalB precipitated as sulphides, in HGl 

solution 1^ HjS. 

A. Soluble in HH4HS or better in (KR^)j^. 

Arsenioam as arsenions anhydride. As^O^, or as a soluble ar- 
senite. (Chief soluble salt K,AbO„ strongly alkaline.) Hd no 
reaction, except in conccDtrated solutions : then white ASjO,, 
soluble in excess. Ed + H^S, yellow AsjS,, soluble in NH^ in 
KHO, in NH.HCOa, and in NH,H8. Bad,, white BaHAsO,. 
soluble in HNO,. AgKO,. yellow Ag,AsO,, soluble in NH, and 
in HNOj. In sols, of AsjO,, NH, must be carefully added after 
addition of AgNO,. CuBO^, green CuHAsO„ soluble m HNO„ 
and in NH,. In suls. of AsjO,, NH, must be added carefully 
after CuSOf has been used. Beinsoh's test : Cn inHd solution; 
Cu withdrawn, washed, dried at loo^C, and placed in narrow 
quill-tube and heated ; AsjO, in octohedra, sublime. Karsh^s 
test : AsH, bums te H^O, and AsjO, with bluish- white flame. 
If incompletely burnt, As is deposited, soluble in CaOd,. Cn Pt, 
ASjO, with bluish flame. On charcoal, garlic odour. Heat in 
tube with black flux. As volatilizes. 

Arsenioam as arsenic acid, EsAsO^; anhydride AS2O5, and 
soluble arsenate. (Chief salt, ^a2HAfi04,I'2H30.) Ed no 
vibible reaction. Hd + H^S, after a time on heating, or imme- 
diately, yellow 82 + Ae^S,. soluble in KHO, NH,, NH^HS and 
NH4HCO,. Bad,, white BaHAs04, soluble in HNO,. AgKO,. 
liver-brown Ag,As04, Foluble in NH, : not precipitated in acid 
sols. CnS04, blue CuHAhOf. For other tests see: Arsenions 
anhydride. 

5. Stannic oxide SnO, white: in stannic salts. (Chief salt 
SnC]4. Colourless, strongly acid. Decomposed by much water.) 
Ed no reaction. Hd + H,8, dirty-yellow SnS2,H20 soluble in 
NH4HS, and in KHO. Ka.,00,, white H28nO,. with eflferves- 
cence. XHO, white H28nO„ soluble in exceus. HH„ white 
H28nO,. On charcoal, with Ha,CO„ metallic tin, malleable, 
without incrustation. 
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6. Stannous oxide SnO* black. SnHsO,, white, soluble in excess 
of KHO. (Chief salt SnClj. Decomposed by H^O into white 
Snb,SnCl2.2H20.) HCl, no reaction, except clearins: a turbid 
solution. HCl + H^B, brown SnS^jO, soluble in (NH4 2S0, or 
in NH4HS + flowers of sulphur ; re-precipitated yellow, as 
SnSj.HjO by HCl. KajCO.,, white SiiHjOa, with effervrsc nee. 
KHO, white SnHjOj, boluble in excess. NH3, white SnlljOj. 
HgCLg, first wiiite HjrgClj, then grey Hjr. AaCl^ to mixed 
^taIlnous-stannic salt, Purple of Cassi us SnAu2Sn20a,4H20. On 
eharcoal with NajCOg, metallic Sn without cmst. 

7. Antimononfl oxide Sb^O,. Chief saltd : Tartar emetic 
2[KSb C4H407],H20 and antimonous chloride SbClg. Solutions 
of tartar emetic nearly nentrnl, precipitated white by HCl, easily 
soluble ill excess. Solutions of S^Clg, strongly acid, decomposed 
by water into white SbOCl. soli bin in H2C4H40<,. By H2S da 
orange-red Sb2S3, soluble in NH^HS, in KHO, and, with deoom- 
poHition, in HCl. Not in NH, nor in (NH4)2C03. Na2C03, 
white hydrate, with eflervescence. KHO, white hydrate, eoluble 
in excess. NH3, white hydrate ; in tartar emetic by heat. By 
Ca in BGl solution, grey deposit. Mar^^h's test. On charcoal, 
with Ka2G03, brittle, metallic globules, with bluish- white incrus- 
tation. 

[8. Anric oxide A1L2O3. Chief salt, auri(< cliloride AuClj, 
frtrongly acid, yellow or nd. By HgS, as black Au2S,Au2Sa, 
soluble in much (N 114)28. KHO, >eU() wish-brown aurate. KH,, 
yellow, fulminating. K4Ciy, emerald -grt en colour. reS04, me- 
tallic Au as a brown powder. Metallic tin or Stannous stunnic 
chloride, purple of Casbius SnAu2Sn20a,4H20. Zn precipitates 
Au. Eeduced by heat alone. 

[9. Platinic oxide PtOj. Chief salt : Platinio chloride PtCl4, 
strongly Mcid, yellow or red. By HjS, as PtS2,H20, brownish- 
black, soluble in hirge excess of (NH4)2S. KHO in acid solu- 
tion, yellow 2KCl,PtCl.. NH3, yellow 2NH4CI,PtCl4. SnClg, 
r^d-brown colour. KI, deep claret colour and brown precipitate. 
On charcoal or Pb, retiuced. No crust.J 

II. cnvthmed: Hetals precipitated as sulphides in HCl solution 

by H2S. (CrOs becomes CrsO,, and TeJCig becomes FeClj. 

See Chromic acid HjCrOf and Ferric salts.) 

B. Insoluble in (KH4)2S or in (1^4)282. 

Includes salts of Pb. Bi, Hg, Cu, Cd, FegOg. N.B.— HgS is 
decomposed, with separation of sulphur, by free HNO3, perman- 
ganates, H0SO3, CI2, Br2, and I2. Lead salts and Thallium salts 
described at p. 63. 

10. Bismuth oxide Bl^O,, yellow; Hydrate BillOj, white. 

F 
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Chief salts : Bismuth nitrate BijNOg^^HjO and chloride BlCl,. 
Solutions colourless, strongly acid. Decomposed by watec re- 
spectively into sub-nitrate BijOj^^HNO, and oxy-chloride 
3(Bi,0,BiCl,),H30. Precipitate increased by HjC.H.O,. HjS, 
black Bi^Ss^HsO. KagCO,, white hydrate. KHO, white hydrate. 
KHs, white hydrate. K^Cr-O,, yellow chromate. Hfity, white. 
K,Cdiy, pale yellow. KI, brown, soluble. Zn, Cn, and Sn pre- 
cipitate Bi. Reduced on nhanywl with KajOO,, reddish, brittle 
bead, with yellowish crust. 

11. Meronrlc ozide HgO, yellow or red. Chief salts: mebcubic 
CHLORIDE HgClj and nitbatb 2(Hg2NO,),H2^' The former 
faintly, the latter strongly acid. HGl + ^fi* black HgS. 
N.B.— In toltUiont of HgCl,, first a white chloro-sulphide 
2HgS,HgCl2, tlien yellow, orange, red-brown, and black HgS. 
KHO, yellow HgO. NH, do. But, in solutions of HgC!*, 
white precipitate HgHjNCl. KOsCO,, yellow H>rO. NaHCO, 
red oxY-oiiLORiDE 2HgO,HgCl2. KI scarlet Hgl,, soluble. 
SnCl,, reduces HgCl, first to HgsCL and then to Hg,. K^Cfy, 
white, becoming blue. KjOdfy, yellow: none in HjrCl^. Cu 
and 2Sn reduce to Hg. Salts volatile, with or without decompo- 
sition. Nitrate first reduced to red HgO, and then into Hg+O,. 
Heated with black flux in tube, Hg sublimes. 

12. Oupric ozide CnO, black. Hydrate CuH^Os, light blue. 
Chief salts : Cupric sulphate CuS04,5 H^O ; chloride CuClj,2H,0 
and nitrate Cu2NO,,6H20. Salts green or blue, slightly acid 
reaction. HGl, blue to green, in sulphate. HGl + H2S, black 
CuS,H20, with brown tinge to solution. KHO, pale blue 
CuHjOj, into HjO and black CuO, on boiling. NH„ blue pre- 
cipitate, soluble, with deep-blue colour. , Na^GO,* pale blue 
CuH-Oj, CuC0„H20. Kfity, red-brown Cu^Cfy. K,Gdiy. yel- 
lowish-green, re reduces. Green colour to flame, chloride blue*. 
With borax, green bead in outer flame, red in inner. On char- 
coal, red, luiilleable metal. No crust. 

13. Gadmium ozide GdO; brown. Hydrate CdHjO,, white. 
Chief salts : Sulpliate CdSO^ and chloride CdCl2,2H20. Faititly 
acid. HGl -|- HjS, yellow CdS. KHO. white CdH^O,. »H„ 
white CdH^Oj, readily soluble. No precipitate in acid solu- 
tions. Ka^GO,, white OdHjOj.CdCO,. K^Cfy, yellowisli-white 
CdfCfy. KjGdIjr, yellow. Zn, metallic Cd. On charcoal with 
Ka^GOi, reduced to white, malleable Cd, mih ring of brown 
CdO. 

[14. Falladinm ozide FdO, black. Hydrate PdHjO,, dark 
brown. Chief salt : Palladium chloride PdClj, brown or red 
solution. HGl + H28, black PdS. KHO, red basic salt, soluble 
by heat in excess. NH,, flesh-coloured precipitate, soluble. 
KajGO,, brown PdHjO^. KI, black Pdfj. HgCyj yellowish 
PdCyj. FeSO^ reduces salts of Pd.] 
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15. Terrie oxide TejO,, red-brown ; hydrate aFcjOj.sHgO red- 
brown. Chief salts: Ferric chloride FeaClg.CHjO, sulphate 
Fe,3S04,9H20. Yellow or red-brown. Acid reaction. HCl, 
slight change of colour. HGl + H^S reduces to ferrous salt, 
with pale-yellow precipitate of S. Thus : 2Fe2CL + 2HCI + 
2HjS = 6H01 + S, + 4FeCl2. 

CEhromic add H2Cr04, crimson. Chief salts : Potassium di- 
CHB03JATE KjCrgO^, red, and chromate KgCrO^, yellow. HCl 
deepens the red and reddens the yellow. HCl -f HjS, to green 
Crj(Jl« with deposit of S. 2K2Cr20, + 1 6HC1 + 6H2S = 383 -^ 
iaU^O + 4KCI + 2Cr2Cle. Alcohol reduces to green or violet 
chromic salts. BaClj, yellow Ba0rO4, soluble in HNOj. 
Ib2C^Kfl„ yellow PbCrO^, soluble in KHO. AgKO,, crimson 
Ag,Cr04. Hg22N0„ brick-red Hg20,3Hg,Cr04. Salts brown 
hj heat. With microcosmic salt, green. 

III. Ketals not precipitated in aoid solutions by H^S, but 
in neutral solutions by NH^HS or by (KH4)3S. 

[If HCl occasions precipitate, boil and filter. To the filtrate 
add K2S, boil, filter olf tlte sulphides, neutralize with NH,, and 
add NH4HS. Salts of Fe, Co, Hi, Mn, Zn, Al, and Cr precipi- 
tated. FeS, CoS, and NiS black. MnS,H20, flesh-coloured, 
ZnS.H20. white. AlgHgO^ white, solublein KHO. CtJB^O^, 
4H2O, greenish, soluble in KHO, with green colour.] 

15. Us. Ferric oxide FejO,, red or red-brown. Hydrate 
2Fe208.3H20 red-brown. Salts yellow or red-brown. Acid 
leaction. HCl -\- HjS, reduction to ferrous salt, with deposit of 
S, and loss of colour. NasCQ,, with effervescence, reddidh-yellow 
liydrate. KH4H8 black, hydmtcd sulphide. KHO, red-brown 
hydrate. NH3, do. K4FeCye, Prussian blue Fe4Fe8Cyi8. KjFeCyg 
change of colour. KClfS, blood-red colour Fe23CNS. On 
platinum, red-biown residue. On oharcoal with Ka2C03, reduc- 
tion to Fe without fusion or crust. 

16. Ferrous 02dde FeO blade; hydrate FeHjOg, white; 
most UTihtable. Chief salt: Green vitriol FeSO^, 7 HgO; slightly 
acid. HCl to yellow colour. Hd + H2S no precipitate. KH^HS 
black FeS,H20, insoluble. Va^CO^, dirty wliite FeCO,. KHO 
whitish hydrate, to dirty green, and finally red-brown. HH3 
whitish hydrate, immediately to dirty green : somewhat soluble 
in excess and by exposure to b; own-red hydra ttd peroxide, 
KjFeCyg, Tumbull s blue Fe^Fe^Cjii- 'K.^TeCy^, greenish-white 
precipitate of Everitts salt KFeCyg. Blue if any Ferric salt. 
Heated on C with KagCOj, reduced without fusion : no crust. 
With borax, in inner flame, green; in outer red, fading on 
cooling. 

17. Cobalt oxide. CoO, grey : CoHgOa dirty red. Chief salt : 
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Chloride, red, slightly acid. Hd no reaction, or red to bine. 
HCI + H2S no reaction. KH^HS, black CoS^HjO, insoluble. 
KajGO,. red 4CoO,2C02.7H20 (KH4)iC0, red, soluble. KHO 
blue, basics; dirty red hydrute l>y boiling. KH, blue, basic; 
soluble wit! I brownish colour in excess ; becomes red. KCy, 
pale brown CoCy,, soluble by heat as KjCoCyg. E^FeGye dirty 
green, changing to grey, K^YeOj^ red-brown. With C and 
KA2CO3, reiiuced without fusion : no crnst. Witli borax, blue. 

18. Nickel oxide KiO, ash-grey; hydrate NiH^Os unripe-apple 
green. Chief salt : Sulphate, faintly acid ; briu:ht ^een. HCl no 
reaction. Hd + H^S no reaction. NH4HS, black NiS,H20 
insoluble. KajGO, pale green, insoluble basic carbonate. 
0S^K^)2COg pale green, soluble. KHO apple-green hydrate. 
IfH,, apple-green hydrate, soluble to bright-blue solution ; re-pre^ 
cipitates on boiling. KCy, yellowish-green NiCy,, soluble as 
2KCy,NiCy2. "K^YeCy^ yellowish-gretn. E^eCy^ greenish - 
yellow. With and Na^CO,. reduced without fusion: no crust. 
With borax red-brown in outer, and grey in inner flume. 

Thallium oxide TljO ; vide ante, p. 6^ 

19. Hanganons oxide MnO, green; hydrate MnHgO,, white. 
Chief salts : Chloride and sulphate ; faintly acid. Suits colour* 
less, morning-red. HCSl no precipitate. HGl + HjS no precipi- 
tate. NHjHS, flesh-coloured MiiS,H20 ; by exposure, to brown 
Mnfi^,Hfi. NagCO,, white MnCO,. KRO white hydrate 
MnHjOg ; by exposure, to brown Mn20j.H20. NH, white, like 
potash, but considerably soluble. If aoid, no precipitate, but 
brown ]Vln203,H20 by exposure. KjFeGyg brown. X^TeOy^ 
white MnjFtCya. Heated on C with NajCK),, reduced without 
fusion : no crust. On platinum with KNO, and NajCO,, green 
manganate. With borax, in outer flame, amethystine ; colourless 
in inner flame. 

20. Zinc-oxide ZnO, white ; hydrate ZnHjOj. white. Chief 
salt: White vitriol, ZnS04 7H20, feebly acid. HCl no precipi- 
tate. HCl -f HgS no precipitate. NH^HS, white ZnS.HjO, iu* 
soluble in KHO. NajCOj, >Nhite 8ZnO,3C02,6H20. (NH4)2C0,. 
white, boluhle. KHO, wiiite hydrate; soluble. NH,, white; 
soluble: no precipitate in acid solutions, or in presence of 
ammoniacal salts. K FeCyg, white. KjFeCye, yellowish-red. 
Heated on C with KasCO,, Zn volatilized as ZnO, forming white 
crust, canary-yellow whilst red hot. Moistened with CoiNO, 
and heated on C, green. AVitli borax, colourless bead. 

21. Aluminum oxide AljO, white; hydrate AlsHgOg. Chief 
salt: Alum ; acid reaction. HGl no precipitate. HCl 4- HjS no 
reaction. NH4HS, white hydrate AljHjOg: solvbU in KHO. 
KagOOs white hydrate. ^Il^)fi0^ white hydrate. KHO white 
hydrate; soluble. NH, white hydrate. With borax, colourless. 
With C02NO2 on G, blue. 
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22. Chromic oxide CTjOs, green ; hydrate Cr2HeOe,4H20, 
greenish-blue. Chief salt : Chrome-alum ; purple or red, and 
acid reaction. HCl no precipitate. HGl 4- HjS no precipitate. 
IfH^HS greenish-blue hydrate ; soluble with green colour in 
KHO, and re-precipitate/l on boiling. NasCO, greenish-blue 
hydrate. KHO greenish-blue, soluble to emerald-green, re-pre- 
cipitated on boiling. NH, greenish-blue hydrate; soluble in 
very large excess with rose colour. Heated on platinum with 
KKO, and "Ssl^CO^ to yellow chromate. With borax, green in 
inner and outer liame. (N.B. — Chromic acids and soluble chro- 
mates are reduced by HGl + HjS to chromic salt. Vide H^CtO^ 
ante, p. 67.) 

IV. Metals not precipitated either by HCl, HCl-t-HgS, or by 

NH4HS : but by (SB.^)2C03 even in presence of KH4CI. 

Barium, Strontium, and Calcium : precipitated as Carbonates. 

23. Barinm oxide BaO, white ; hydrate BaH202,8H20, also 
white. Chief salts : Nitmte and chloride. HCl no precipitate 
except in strong solutions of BaClj or Ba2N0j, then of BaCIj or 
Ba2N0,, easily soluble in water. HGl + H2S no precipitate. 
ITH^HS no precipitate. NH4CI -{- (NH4)2C0„ white BaCO,. 
HajGOs, white BaCOj. KHO white hydrate, soluble in 20 of HjO. 
KH3, none. CaSOf, and all sulphates an immediate white BaSOf, 
insoluble in acids. X^Crfij, yellow BaCrO^. 2HF,SLr4, white 
BaFatSiF^. Ka2HF04, white Ba32P04. On platinum, yellowish- 
green to outer flame. No colour to borax. 

24. Strontium oxide SrO, white ; hydrate SrHgOstSHsO, also 
white. Chief salts : Nitrate and chloride. HCl no precipitate. 
HCl + H2S, none. NH4HS. none. NH^Cl 4- (NHjjCOs, white 
Sr2C0,. KasCO,, white SrCO,. KHO, white hydmte, soluble in 
50 of HjO. NH3, none. GaS04, white SrS04, only on heating, or 
long standing, never immediately. Soluble sulphates, white 
SrS04. JLfir^Oj, no precipitate till heated. 2H7,8ir4, no pre- 
cipitate. Na2HF04, white Sr32F04. On platinum, in outer 
flame crimson. No colour to borax. 

25. Calcium oxide or lime GaO, white ; hydrate, CaHgOj white. 
Chief salts : Chloride, very soluble ; sulphate but little. HCl no 
precipitate. HCl -h H2S no precipitate. NH4HS, none. NH4CI, 

-f (NH4)2G0, white CaCOj. KagCO, white CaCO,. KHO, white 
hydrate, soluble in 778 of HgO. NH, no reaction. Ca804, of 
course none, but easily soluble sulphates, in solutions of OaCIsf 
wiiite CaS04,2H20. Ka2HF04, white Ca,2F04, soluble in acetic 
acid. On platinum in outer Hame yellowish-red. 
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y. Xetals not predpltated either by KCl,Kfi,VR^liS or 

(11^4)200, in presence of Ammoniacal Salts. Magnesium, 

Ammouimn, Lithium, Potassium, Sodium (Rubidium 

and Caesium). 

26. Magnesium oxide MgO wliite; hydrate MgHfi^ white. 
Chief salts : Sulphate and chloride. V&^CO^ by degret^s white 
MgH203,2CMgCO„HsO) : immediately by boiling. KaHOO„ 
whe n boiled, white basic carbonate : Na,CO,, slowly in the cold. 
XEO white hydrate. BaHjO,, SrEjO,, or OaH^O,, white hydrate, 
requiring 5142 of HjO for solution. NH, white hydrate; no 
precipitate in presence of free acid or ammoniacal salt. Sul- 
phates none. Ka^HFOf partially precipitates, but with NH, 
in presence of ammoniacal salts, white MgNH4P04,6H20. 

27. Ammonia, NH,, or in solution NH4HO. Salts volatile, 
colourless. Chief salts : Cliloride, sulphate, nitrate, and sesqoi- 
carbonate. Solution of NH, alkaline, with odour of hartshorn ; 
fumes with HCl, blues red litmus. Volatile without residue. 
In salts. Na^COs ^^ precipitate, but odour of smelling salts, 
with distinctive reactions with glass-rod dipped in HCl, and 
with red litmus. KHO liberates NH,. CaHjO, (as milk of lime) 
liberates NH,. HCa + PtCl4. yellow 2NH4Cl,PtCl4. H,C4H40e, 
in sols, of NH, and (NH4)2CO, crystalUne NH4HC4H40e. On 
platinum, volatile, except fixed adds. 

28. Lithinm oxide Lfi, white ,* hydrate, LHO, white. Salts 
colourless, purple to outer flame. Chief salts: Chloride and 
sulpliate. NajCO,, sparingly soluble LgCO,. Ka2HF04, pre- 
cipitates L,P04. On platinum, in inner flame, gives to outer, 
purple colour. 

29. Potassinm oxide JLfi; hydrate, KHO white. Salts colour- 
less, more or less fixed. Boee colour to flame. As soon as 
absence of ammoniacal salts determined: HCIl + PtGl4 yellow. 
2KGl,PtCl4, insoluble in mixed alcohol and ether. iifiJLfl^ 
white, crystalline KHC4H40e, 3HF,SiP4, white 2KF,SiF4. 
GarbaiotiLo acid yellow KCeH2(N02>,0. On platinum in inner 
flame, tinge outer rose or violet. 

30. Sodinm oxide Ka^O ; hydrate NaHO white. Salts colour- 
less, more or less flxed ; orange colour to flame, and all soluble 
except di-sodiom antimonate Na2H2Sb207,6H20. Consequently 
no precipitate by any test except K^EJSbfiffiKfi^ which is only 
useful when no other base .present. 

Tests for Aeids. 

JL Salts visibly or detectiUy decomposed by HCl. As,0, and 

BgO, only in strong solutions. 

I. Oarbonates. Alkaline carbonates soluble ; blue red litmus; 
bi-carbonates of alkaline e»rths into carbonates, and CO, by 
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boiling. HGl effervescence without disagreeable odour. BaCl,) 
white iiaOOg, soluble as chloride in HGl. Lime water, white 
CaOOj. AgNO, white Ag^CO, soluble in HNO, (as AgNO,), 
and in NH,. Solution of HgOOs faintly reddens litmus, evapo- 
rates without residue, odourless, precipitates lime-water ; excess 
re-dissolves the precipitate. 

2. Sulphides. Soluble sulphides are alkaline, odorous of H^S. 
By HCl, H,S evolved, and recognized* by odour of putrid eggi^ 
and blackening lead paper, in higher sulphides, S also de- 
posited. reS04, black FeS,HjO. Fb2C.;E302, black PbS. De- 
composed by HNO3. Free H^S recognized by odour, evaporation 
without residue, no reaction with HjS, and metallic tests in 
acid solution. 

3. Sulphites. Chief salt : Sulphite. Alkaline alone soluble, 
blue red litmus. Acid sulphites all soluble. HCl evolves SO, 
by heat, with odour of burning brimstone : if Zn added, H^S 
tree. Bad,, white BaSO, soluble in HNO, unless sulphate also 
present (generally the case). AgNO,, white AgjSO, reduced by 
heat into Ag^ + H2SO4. Ferric reduced to ferrous salts. Free 
8O2 known by odour ; solution of HjSOg evaporates \vithout 
residue. HOI + Zn, yield H^S. By HKO, into H^SO^. 

4. Hyposalphites. Chief salt: Sodium. Alkaline soluble. 
Blue red litmus. HCl precipitates S, solution becoming yel- 
lowish-white, and evolves SO2. BaClj, white BaSsH204. AgKO,, 
white Ag2S2Hj04; decomposing into black AgjS and H2SO4. 
Ha2S2H204 dissolves AgCl as NaAgS2H204. 

5. Arisenites. Alkaline alone soluble. Colourless; bliie red 
litmus. In concentrated solutions, HGl precipitates AS2OS white, 
and soluble in excess. HCl + HjS, yellow ASgS,, soluble in 
NH,. in NH4HS, and in (NH4)2CO,. BaCl2 white, soluble in 
HCl. AgSrO,, yellow AgjAbO^ soluble in HNO, and in NH,. 
C118O4, green CuHAsO,. Alarsh's and Ueinsch's tests, p. 64. 

6. Arsenates. Chief salts : Sodium and potassium arsenates. 
See p. 64, among bases. HCl + HgS, slowly prec. yellow AB28, -f 
82- AglTO,, liver-brown Ag,A804. BaCl,, white Ba,2As04, 
soluble in HCl. CnS04, greenish-blue CUHASO4. Marsh's and 
Keinsch's tests. 

7. SUioates. The soluble ones, strongly alkaline to test-paper. 
HCl, geljitinous H4Si04 deposited, rentlered quite insoluble by 
evaporation to drjmess; infusible: with KaoCO, on platinum 
wire, forms a glass. 

8. Borates. Alkaline soluble, fusible ; insoluble, dissolved by 
acids and ammoniucal salts. Chief salt. Borax. HCl in strong 
solutions precipitates Bfi^j^H^O in scales. BaCl, white Ba2B02 
soluble in HNO, or HCl. AgNO, white AgBOj soluble in NH, 
and HNO,. CaCa, white Ca2B02, soluble in HNO,. Free 
B20,.3H20 fusible, fixed in flame. Gives green colour to flame. 
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Borates also, when moisteiied with H^SO^. — ^N.B. Besidues on 
platinum should always be tlius heated for boracic acid. 

9. Ghromates. Solutions yellow or red: alkaline and bi- 
chromates soluble. Chief salt : Kfiifij. Neutml, turned into 
acid, by HCl, with deepening of colour. HCl + HjS into green 
saltd of CraOa. BaCl, yellow BaCr04 soluble in HNO,. AgKO, 
crimson Ag2Cr04. PbiOaHgO, yellow PbCrO^, soluble in KHO. 
Aleohol and HCl reduces HjCr04 to green or violet salts of CrgO,, 

10. Chlorates. Chief salt : KCIO3. All salts soluble. Deda- 
grate on charcoal. On Platiniiminto ohlorides, which are preci- 
pitated white by AgNO,, insoluble in HNO, but soluble in NHj. 
HCl on heating, change colour to yellowish-green, evolving 
iClgOsjCljOg, and Clj. When free from sulphates and chlorides, 
no precipitates by BaCl, and AgNO,. 

11. H3^oolilorites, always contain chlorides. Solutions bleach. 
Evolve by HCl either HCIO or CI,, according to quantity of HCl 
employed. 

12. lodates. Alkaline soluble. Deflagrate on charcoal. 
Heated, into iodides. HCl changes colour by liberating 1^ 
detected by heat and starch on glass rod. HjS reduces to iodides. 
BaCla white Ba2lOs, soluble in HNO,. AgNOj white AglO,. 
soluble in HNO3 and NH,. 

13. Cyanides. Soluble, have an alkaline reaction, with 
odour of prussic acid. By HCl decomposed, with increased 
odour, of HCy. BaCl^ no precipitate. AgNO, white AgCy, 
easily soluble in KCy, sparingly in NHg and only in strong 
HNO3. AgOy is decomposed by HCl into AgCI + HCy. AgCy 
lieated, evolves Cyg. Further tests. Boil with KHO in excess 
and FeS04 and then add HCl: Prussian blue Fe^FegCyig is 
formed. Boil fresli portion with (1^4)282, till only NH^Csy 
remains; then add PejClg; blood-red FOjCsys. ^^7 volatile, 
with strong odour; precipitates AgNOg where vapours meet it. 
Add KHO first, in testing by FeSOf. Ferrooyanides, ferrioy- 
axddes, and sulphooyanides, p. 74. 

B. Precipitated by Barium chloride. Includes most of those 
already enumerated, as well as : 

14. Sulphates. All soluble except BaS04, SrS04, and PbSO^. 
CaS(>)4,2H20 with diflSculty. HCl no reaction. HCI4-H2S none. 
BaClg white Ba804, insoluble in HNO3. Pb2C2H302 white PbS04. 
By fusion with NajCO, on C, sulphide formed, which, if moistened 
on Ag, blackens the latter : by HCl, HjS evolved. Free H2SO4 
oily liquid, heats with HgO, volatilizes on platinum with white, 
stifling, acid fumes'. 

15. Phosphates. Alkaline ortho-phospliates soluble, HCl no 
visible reaction. HCl + HjS none. BaCl, white BaHPO* 
soluble in HNO,. AgNO, yellow AggP04, soluble in HNO, and 



TESTS FOB OXALIC, CITRIC, TARTARIC ACIDS. 73 

NH,, Fb2C2H,0,, white Pb^iPO^ inaoluble in HC,H.,0, and 
NH,. Fe,Ca, white FePO^ insoluble in HCjHjO,. MgBO^ + 
HH^Gl 4- HH3, white, crystalline NH^MgPO^.eHjO. Pyrophos- 
phatei by boiling with H^SO^, into orthophosphoric acid. Pyro- 
phoBphaies precipitate AgNO, as white AgfPgO, soluble in 
UNO, and in NU,. Metaphosphates, also, by boiling with HjSO^, 
into orthophosphoric acid. AgNO, white, gelatinous AgPO,, 
soluble in NaPO,. BaCl, white Ba2P08. On adding BGJ^fi^ 
to a soluble metaphosphate. albumen coagulated. 

16. Oxalates. Heated on platinum : ammonium salts volati- 
lized, others decomposed, either into carbonates without black- 
ening, or reduced. HGl produces no visible reaction. Hd+H^S 
none. BaCl, white BaC^O^ soluble in HGl and HNO,. AgKO,. 
white Ag^CA soluble in NH, and in HNO,. Fb2C2H302, white 
PbCA- CaCl, white OaOjO^, insoluble in HCjHjOj. Dry 
oxalates with HjSO^ evolve CO + CO^, the former gas burning 
with blue flame. Free H^O^O^,? HjO in 4-sided, colourle.-s prisms, 
acid, soluble, decomposed and volatilized by heat without 
blackening. Precipitiites lime water, and even solut ion of CaS04, 

17. Citrates. Alkaline, soluble, colourless. By heat fusible, 
and decomposed into carbonates, emitting pungent fumed 
with separation of 0. HGl no visible i esult. HGl + Kfi none. 
Bad, white Ba32CeHs07 soluble in HCl and HNO,. AgKO, 
white AgjCeH^O, soluble in NH, and HNO,. Pb2G^302 white 
Pb,2C,H,0„ soluble in HNO,. GaClj white Ca,2CeH.0„ in- 
soluble in KHO, readily in NH4CI ; re-precipitated on boiling. 
Free E3GeH507,H20 transparent, rhombic prisms, very soluble. 
Decomposed by heat : coaly residue bums away. No precipi- 
tate with OaCi, or with lime-water in excess, until boiled. With 
H^O^ at 38^0. yields pure CO. 

18. Tartrates. Fuse, and carbonize, emitting odour of burnt 
sugar; carbonates of the fixed alkalies and alkaline earths remain. 
CMef salt : KliC4H40e, little soluble, acid to test-paper, easily 
dissolved by acids. Solution of neutral tartrate K2C4H4O,, 
precipitated by HGl as KHC4H40«. In neutral salts: BiiGl, 
white BaC4H40«, soluble in HCl and HNO,. AgNO,, white 
Ag,C4H40e soluble in NH, and HNO,. CaGl^ white CaC4H40e, 
soluble when washed in KHO, also in NH4CI and in HC2H,0^ 
— Free H2G4H40e, in transparent, oblique-rhombic prisms. By 
heat decomposed : coely residue bums away. KHO, if the acid be 
in e xcess, precipitates KHC4H40e soluble in excess of KHO. 
NH, precipitates NH4HC4H4O0 soluble in excess of NH,. 

C, Hot precipitated by Barinm Ghloride, bnt by Argentom Nitrate. 

19. Ghlorides. Soluble, colourless salts. Insoluble are : Hg, 
CI2 ; AgCl and with difficulty, PbCl, and TlCl. Some volatUe. 
HGl no reaction. — N.B. HGl precipitates a solution of BaCla, as 
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BaGl„ little soluble in HGl but soluble in H,0.) HGl + 
none. Bad, none. AgKO, whitn AgCl ; soluble in NH, and 
insoluble in HNO,. SgjaXO, yellowish-white Hg^Gl,, blacken- 
ing by NHg. FUN/sHs^s white, soluble in 35 parts of boiling 
H,0. XnOs + 2EJB0^ = Cl«, known by colour, odour, and 
bluing starch in KI solution. — ^Free HGl, acid, volatile without 
residue, &c. HNO, gives fumes of NOCl, + Cl^. 

30. Bromides. Much like chlorides, but decomposed by CO, 
with orange colour of Br. AgKO, yellowish-white AgBr; 
when washed soluble in much NH„ insoluble in HNO,. Hg^iKO, 
yellowish-white Hg,Br,. YbStOfifi, white, insoluble in H,0. 
EKO3 by heaty red-brown vapours and drops of Br. — Free HBlr 
acid, volatile without residue : HNO, liberates Br. 

31. Iodides. Like chlorides, but several coloured. Decom- 
posed by CI,. AgKO, yellowish Agl ; when washed, insoluble 
in NH, and in HNO,. HgjBKO, green HgJ,. HgC!, scarlet 
HgL, soluble in excess. Fb2C4H,0. yellow Pbl,, soluble in 
much hot water. HNO, liberates solia I ; by heat, violet vapour, 
blues starch. PtCl4 deep brown-red Ptl^. Free HI volatile ; 
generally deep-brown, from presence of iodine in solution. 

Cyanides already described. Decomposed by HGl. 

22. Ferrocyanides. Alkaline soluble. K4FeCyfl,3HjO chief 
salt: lemon-yellow. HCl, concentrated, precipitates bluish- 
white H^FeGy,. AgKO, white Ag^FeCy,. FeSO^ (if free from 
per salt, else bluish or blue) greenish-white KFeCy,. FOjGl^ 
Prussian blue Fe4Fe,GyiB. Most ferixxjyanides insoluble. 

23. Ferri-eyanides. Alkaline soluble ; K,Gdfy chief salt, red. 
HQ no visible reaction. AgNO,, deep orange Ag,Odfy. Hg22NOg 
brownish-red Hg,2Cdfy. FeSO^, Tumbull's blue Fe,2Cdfy. 
FOgCle browns. 

24. Salpho-cyanides, mostly soluble salts. Ghief salt EONS 
or KCsy. Ed no visible reaction. AgKO, white Ao^Csy soluble in 
NH, and in HNO,. HggSKO, white Hg^Gsy.^. Fe^Cl, blood-red 
colour, discharged by HgGl,. With Zn -f- HC1,H.S free. 

25. Acetates. Mostly colourless and soluble. By heat, acetates 
of fixed alkalies and alkaline earths into carbonates, without 
blackening. HGl no visible reaction. AgNO, in strong solutions, 
white crystalline AgG^HjOg soluble in NH, and UNO,. Hg,2N0. 
white, silken scales of Hg22G|H,0,. Fe^Cl, imparts deep-red 
colour. H2SO4 and C^fi by heat, evolve acetio etheb 
GjHajGaHgOj. Free acetio acid HCsHsO,) volatile .acid, with 
oduur of vinegar ; no residue. Galcium acetate very soluble. 

B. Hot precipitated by Barium Chloride or Argentnm Nitrate. 

All salts soluble. 

. 26. Nitrates. Golourless salts, deflagrate on dhareoal. KNO, 
chief ealt ; changed by red-heat into KNO,. KHO, forms green 
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Cu2N0j with CuSO^ and gives off fumes of NjO, when heated 
with U2SO4. These are the chief tests for nitrites. HOI, H2S, 
Ba01,and AgNO| no reaction. H^^ liberates HNO, : with Ou + 
H^4 orange vapours of XO. and with FeSOf + H2SO4 olive- 
brown iFeSO^^NO, decomposed by heat with evolution of NO,. 
— K.B. Free HNO. acid, volatile without residue; UGl liberates 
Clj and NOCl,. 
CShloratee. Ah^ady detected by heating with HGI. 



OSOAHIO CHEMISTBY. 

Intboduction.— Chief zootio elements : Carbon, Hydrogen, 
Oxygen, Nitrogen, Sulphur, and Phosphorus. Organic bodies 
usually blacken on the application of heat, and evolve H^O. 
OrganiD Analysis. and H by complete combutttion, collecting 
and weighing the products: OnO the oxidizing agent. M 
determined by heating with soda-lime and collecting the NH, in 
HOI. H estimated from iNH^Cl^PtCl^. The NH, can also 
be collected in a measured quantity of a standard collection 
of HaCjO^. by the loss. 8 and P by fusion with 10 of KNO,, 
2 of NajCOj, and 30 of pure NaCl : the S and P oxydizcd to 
80, and P3O5, which combine with portion of the alkali. — If As 
present, it also oxydized to ASjOg. 01 by heating with 10 parts 
CaO : CaClj produced, and CI weighed as AgCl. Br and I by 
same method. OhemioalformnlsB. Empirical and rational. Tho 
BMFiBiCAL formula) deduced from the per-centage composition. 
Thus, scoAR is composed of 41 . 98 C, 6 . 43 H, and 51.59 ; if 
divided by the combining proportion, the quotients will signify 
the relations between them, and these must be reduced to the 
simplest expressions. A rational formula requires a knowledge 
of its combining proportion, and may either agree with the 
empirii!al, or be a multiple of the latter. Thus the empirical 
formula for acetic acid U CHjO, but its rational is C2H4O3 or 
H02H,03, because it contains an atom of displaceable liydrogen. 
lioinerism: identity of ultimate compooition, with difference in 
chemical properties. When the eqs. identical, isomerides said to 
be metamerio as KC^llfi^; Ctia^CjHaOa and CjH^CHO,. 
When this is not the case the state of condensation supposed 
to be different, polymerio. CH, ; C2H4 ; C,H. ; CfHg are poly- 
meric. Bodies which stand related to each other like the alco- 
hols, or which differ only by a multiple of CH,, are called homo- 
logons : all such, when treated by the same chemical agents, 
furnish others, different, yet standing in a fixed relation : hete- 
xologons. In homologous bodies, compound radicals, supposed 
to exist as methyl C^ in methylio alcohol (CH^HO. Com- 
pound types of Laurent and Gerhardt. Distinction between 
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atoms and moIaeQlas : the atom the smallest particle in a com- 
pounil, incaj table of separate existence : the molecule tlie smallest 
quantity of an element in u separate state and must consist of at 
least two atoms. As a rule, the molecules of all compound 
bodies i*a(>able of Tapoiization occupy two volumes. Four prin- 
cipal types : 

2}or H, ; 2}0 or H,0 ; h|n or H,N and ^ |c or H,0. 

Hie unylueoiis group : Includes Starch, Sugar, und allied bodies. 
Starch C^ifl^ ; ferula or amylum, in flattened, rounded (angu- 
lar in rice) gprains ; in the seeds of leguminose ; in the cellular 
tizisue of plants ; in the cereals, and varying in size from ^" in 
tous li'S moi!», to ^" in arrow-root, j^" in wheat, and ^iyj(' in 
rice. Potatoes 20, whent 60, and rice alx>ut 83 per cent. White, 
glistening insoluble in and heavier than H^O : insoluble also 
in alcohol and ether. Heateil in H^O above 6o^G., the granules 
smell and become pasty. Blue colours with iodine. Hygro- 
scopic. Precipitated by ammoniacal plumbum acetate as 2PbO, 
GijHigO^ and partially by tannin. At 204^*50. starch turned to 
DEXTRINK C^iqO^i isomeric witli starch. Transparent, yellowish, 
brittle solid, boluble iu H,0 ( British gum) and dilute spirit : 
rotates polarized ray to the right (^dezter), its rotary power Doing 
+ 138^7. No blue compound with I : does not reduce alkaline 
tartrate of copper. Varieties of starch. Sago from the pith of a 
palm. Tapioca from latropha manihot.^ r Salep from Orchis 
mascula. Arrow-root from Maranta arundinacea. Glycogen 
C^ioOg in the liver of pigs, white, starch-like, soluble iu HjO, 
insoluble in alcohol. Intlin CeHjoOs at loo^G. In Inula, Leon- 
todon, Colchicum, Gichoreum, Dahlia, &c. ; white, tasteless, in- 
soluble in alcohol, sparingly in cohl, easily in boiling H^O. 
Arabin 2lCfiifi^^Bjb in gum arable. Transparent, tasteless, 
easily soluble in H,0. Unfermentable. Precipitated by alcohol 
and ether. By dilute H,S04 i^^o sugar. By ammoniacal plum- 
bum acetate, pr. as PbO,3CaH,o04. By HNOg, into mucic and 
oxalic acids. Mucilage in linseed, &c., soluble in H^O and pr. 
by neutial Pb2G2H,02. Bassorin in gum tragacanth, not 
soluble, but softens in HjO : cerasin resembles it. PEcrriN 
CsjH^oO^s^^HsOt is the jelly of fruits, soluble in H^O, insoluble in 
G2H0O. Treated witn alkalies, into Pectio aoid H^CieHsoO,, 
gelatinous. Pectates of alkalies alone soluble. By long boil- 
ing, pectic into parapectio acid H4C24H,o023 ; by alkalies, para- 
pectic into metapectic acid H^C^HjoOb. Peotosb, not gelatinous ; 
in turnips, carrots, &c. ; insoluble in HjO. Gellulose C^JB-.^jOi^ I 
basement tissue of vegetables. Porous in pith ; dense in 
vegetable ivory, &c. Tasteless, insoluble, digestible when sue- 
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culent ; by H2SO4 into dextrin and glucose. Digested fop a 
short time with H^SO^ blues I. Cellulose (as cotton) by HNO,, 

into PYROXYLIN, TRI-NITRO-OELLrLIN, OF GUN-COTTON CjgH,! 

(SO^ftyi ; white, fibrous, insoluble in Kfi and C^Uft. The 
alkaline solution reduces ammonium-silver nitrate. Also soluble 
in alkalies ; in mixed alcohol and ether, forming Collodion. Non- 
conductor of electricity. Ignites at 1 5 o^C. : to H^* ), N,, CO,, 
CO, CH., and NO. Lignine the encrusting matter of tlie cells, 
hard ana indigestible. More H than cellulose : blackened by 
H2SO4. Decay of woody fibre. Geic acid CgoHijOr. Humio 
ACID C2oHi20e. Ulmic acid G2oH,40g. Besides these : crenio 
ACID HeC24H240,9 and apocuenic acid H2C24H,20,3. All greedily 
retain NH, in soils. The sugars. Su( rosk or cane-bugar G,2H220|j 
in Saccliarum officinarum. As sugar candy in 4-8ided, oblique- 
rhombic prisms, with dihedral summits. Sp. gr. i . 696. Soluble 
in ji of cold HgO. Its specitic power of rotation 73°8'. Sugar 
melts ati6o°C. ; barley-8u;;ar is amorphous. At 218°. 5 C. 
into caramel G,2H,g0g. Sugar is antiseptic. Fattening. Acid 
by boiling, into ; frictose or LiBvuLOSE C^K^fi^ ; uncrystalli- 
ZJible ; less sweet. Does not reduce alkaline salts of CuO ; 
with lime to soluble CaO,C,2H220,i and insoluble jCaCC,, 
H22O1, ; hence syrup, a good wash for lime in the eyes. With 
lead-oxide, PbO.CiaHjoPbO, I ; loses HjO when dried at ioo°0. 
With NaCl (2NaCl,C,2H2oOio,C,2H220„. Reduces H2C1O4 to 
OtjO,; H^ halts to HggO. By H2SO4 into C, cont lining 
Ulmic acid, COj, and a little Formic ncid. By dilute HNO,, of 
sp.gr. 1.27, at a temperature not above 7o*^C., into saccharic 
acid 'H^C^Kf^O^ and COj ; by stronger acid into oxalic acid 
H2C204,2H20. Fructose or l^evulose CgH,20e ; in honey and 
manna; grapes, cherries, and figs. Mixed with sucrose in apri- 
cots, peaches, strawberries, plums, &c. Called inverted bugar, 
because it produces left-handed rotation = —106° at i3°C. 
Sorbin CJEiizO^j in Sorbus aucui>aria berries, is isomeric ; it is 
not, however, fermentable. Dextrose, glucose or grape-sugab 
SCeHi20e,H20 in di'ied fruits, crystallizes with dittieulty in cubes, 
less soluble, and scarcely one-third as swt^etening as cane-sugar. 
Artificially from stare 1, dextrine, dextrose, cellulose, and sucrose. 
More soluble in alcohol. Contained in candied raisins ; in the 
blood, white of egg^ and urine normally ; in diabetes abnormally. 
Produces ri^ijht-liunded rotation = -f-57^4'. Softens at 6o^C., 
melts at lOo^^C, and becomes G^Kifia; at i4o*^C. into Caiamel. 
Reduces alkaline cupiio salts to snbsalts. Reduces also salts of 
Ag, Hg, and Au. Heated with KHO, browns from formation 
of melassic acid. By H2SO4 into Sulpho-saccharic acid. Fer- 
ments with yeast. With Sodium chloride (N8iCl,H20,2CgH,20a). 
[Melitose C,2H240,2f2H20 in the manna of Eucalyptus. Man- 
NITB CJS^ifia in manna from- Fraxinm ornus ; in celery, onions, 
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asppra^nis. From manna by boiling aloobol. Silken prisms, 
▼ery soluble in H^O ; of sickly taste. Does not brown by alka- 
lies, nor reduce cupric salts; does not blacken with £L^04. 
LiJie Arabln by HNO„ into mucic acid. Ertthrite C4E10O4 
from RoceUa and other Lichens. Dulcite CqHi^Os. Quebcits 
C^EisO^ in acorns. Finite C^M^fi^ from Finns Lanibertiana. 
C-iLYCYRRHizrN C^JlgJO^ in liquorice. Sweet, very soluble in 
HjO and alcohol. Not fermentable.] Lactose or sugab of 
MILK CJ2H24O12. White, translucent, 4-8ided prisms of ^eat 
hardness. Sp. gr. 1.543. Soluble in 5 or 6 of H^O; insoluble 
in alcohol and ether. Produces right-handed rotation =56°4'. 
Beduces cijpric salts. Heated to i4o^C. loses i molecule of 
H^O, at 204* 5^0. 2 J molecules. By dilute H2SO4 into glucose : 
forms a crimson solution with H,S04. Excess of HNO, into 
Hicic ACID C«HioOh, isomeric with sacchabic acid from cane 
and grapf>sugar. Not directly fermentable. 

Polybasio vegetable adds. i. Oxalic acid H2C204.2H,0. 
In Oxalis and Hum ex as potassium binoxalate. Prepared 
from starcli and sugar by oxydation. Thus: CflHioOj+gilNO, 
= 9HN0s+ 2H2O + 8H2C2O4. Also, from sawdust by action of 
2NaHO -f- KHO and heat : the acid made from Na2C204, 
which is but little soluble. In 4-sided oblique-rhombic prisms, 
soluble in 8 of cold and i of boiling HjO. Acid : poisonous. 
Antidotes : chalk or magnesia, at ioo°C. loses 28^ per cent, of 
HgO ; by rapid heat at i6o°C. into COj-f- HjO + formic acid 
HCHOj. Leaves no ©irbonaceous residue. Oxalates : potas- 
sium Kfifi^jK^O in rhombic prisms, soluble in 3 of water. 
XHG204,H20 is salt of sorrel. Requires 40 of cold HjO. Ka2C204 
little soluble. (NH4)2C204,E20 in colourless prisms ; chief test 
for calcium. By heat, oxamide C2H4K2O2, is left. NH4HG2O4, 
H2O much less soluble. CaC204,2H20, insoluble in H2O and 
acetic acid : by heat into CaCOg. Metallic oxalates sparingly 
soluble. Oxalic acid reduces AuCl,. Thus : 2AuClj-f- 3H, 
€304= 6HCI4- 6C02-i- Au2. Oxalic acid contains the dyad 
radical CjOj. [Mellitic acid H2G4O4 in Mellite (a yellow salt 
occurring in lip^nite), as mellitate of alumina. From alcohol in 
needles. Soluble in HgO, not decomposed by H2SO4 or HNOj, 
but by red heat into O and a crystalline sublimate. Bhodi- 
zONio acid HgCsHO,, formed by the action of HjO on the com- 
pound of K2 and CO obtained in the manufactuie of Kj. Salts 
red. Croconic acid R.figl0^^2f&Ji, yellow crystals, soluble in 
H3O and alcoliol.] 

2. Tartaric or dextro-kacemic acid H2C^H40s; in grapes, 
as crenm of tartar; in pines, tamarinds, the unripe berries of 
mountain-ash, &c. Bi-basic ucid in colouiless, transparent, 
oblique- rhombic prisms ; very soluble. In kolution, it moulds ; 
acetic acid being formed. Fuses at 170*^0. : quickly heated, it 
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carbonizes and emits odour of burnt sugar. Beduces suits of 
Ag, Au, and Pt. Heated with potash ; Kfi^Hfl^ + 3KHO 
= KC^HaO- 4- KgCjO^ + 3H2O, Boiled with lead peroxide : 
B^C,Hfi^-\- 3Pb02= Pb2CH02 + 2PbC08+ 2H,0. Prep. Of 
the acid from cream of tartar; 2Kii04H4Og+0aCO3 = CaC4H4O. 
4- K^C^U fie + 002+ HjO. Then : KjC^H^O.+CaOla = 2KCI 
4- CaC4H40«. Finally : CaC4H40« + H,S04 = OaS04 +^Q^ 
"Bifi^. Heated to 190^0 into tartralio acid H4,H2(C4H802)2 
O7. Tartrates. EHC4H40e is argol or tartar. Bequires t8o 
parts of cold and 6 of boiling H^O. By heat into black flux : 
K2CO3 + C. Calcined with nitre into white flux KgCO,. 
K2C4S4O0 ill right-rhombic prisms very soluble. EKaG4H40e, 
4H2O is Bochelle salt ; large, transparent, 6-8ided prisms, soluble 
in i^ of H2O. NH4HC4H4O8 resembles tartar. K,FeO,C4H40e 
and NH4,FeO,G4H409 used in medicine. 2(E,SbO,G4H40s),H20 is 
tartar emetic. In octohedra with rhombic base, soluble in 15 
of cold and 3 of boiling water. 3. Para-tartauic or racemio 
AC^ID E2C4H40e,H20 is metameric. Found in the grapes of the 
Vosges. Precipitates solutions of CaS04 and OaCl2, which pro- 
perty is not possessed by tartaric acid. 4. Citric acid H3C, 
H^OryH^O. In Citrus medica or Lime, in lemons, &c. Tri-basio 
acid, in transparent rhombic prisms, very soluble in HjO. 
Heated to loo^C, the crystals melt and lose HjO; at i55°C., 
pure CO2 evolved. At i77°C., into H2O, CO, CO2 and acetone 
C,HgO; while aconitic acid HjObHjOj remains as a brown 
residue. Lime-water in excess, no precipitate till boiled. By 
H2SO4 at38°C., gives pure CO. By HNOg into acetic, oxalic, 
and carbonic acids. Witli potash : H8CeH5074- 4KHO = 
iKCaHjOg 4- K2C2O4 + 3H2O. Calcium citrate GasdOsH^O;, 
4H2O even less soluble in boiling than cold HjO ; the acid made 
from this salt by H2S04,2H30. 5. Malic acid H2G4H4OS in 
Frunus malus, &c. Di-basic, deliquescent. Heated to i8o°C. 
into water, volatile maleic acid H2C4H2O4 and little soluble 
FUMARic ACID H2C4H2O4 ; both isomeric. Thus : 2H2C44HO5 
= 2H2O 4- H2O4H2O44- H2C4H2O4. Fused with KHO ; HjO* 
H40,4- 3KHO = H2-I- 2H2O 4- K,C2044- KC2O3O2. Malates. 
KH4HG4H4O5 in right rhombic prisma. By heat into flmari^ 
MiDE C4H,N02 4- 3H2O. GaH2,2G4H405,8H20 in transparent, 
rhombic prisms, sparingly soluble. lu tobacco. GaG4H405,2H20 
by evapuration at ordinaiy temperatures in brilliant scales. But, 
when solution is boiled for some hours, in form of a granular 
salt with one of H2O. Lead malate Pb2G4H405,3H20. Little 
soluble, almost fusing under boiling HjO. From this salt, the acid 
by H28 or H2SO4. Amide of malic acid, asparagine C4HgN203, 
H2O, in Asparagus. Heated with alkalies intoNH34- aspartio 
ACID HC4H8NO4. 6. Meconicacid H,G7H07,3HoO, in the juice 
of poppy (/u^icaw'), Tribasic, astringent, sparingly soluble in 
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cold H,0. Soluble in alcohol, ether, and boiling water. Its 
solution when boiled into comenic acid E2C0H2O5+ CO,. Mxr 
CONATE8. CAjSUijKOj. Fb,2C;H07 almost insoluble. The acid 
from the one by HCl, the other by H^S. Tests. Precipitate by 
PbzCjHgOj in suspected poison-caaes, decompose Pb,2C,H0, by 
gHjS, concentrate below 7o°C. and add FejCl,. A deep red 
colour, not bleached by HgCl, or AuCl, nor by Zn and dilute 
H18O4. 7. Gallo-tannio ACID or TANNIC ACID CsrH^O,,; in the 
tannin of galls from Quereus infectoria. From gall-nuts by aque- 
ous ether ; tannic acid in the H^O, gallic acid in the ether. Pale 
yellow, amorphous; reddens litmus; decomprjses carbonates. 
Very soluble in HjO, and dilute alcohol, sparingly in ether. 
Precipitates salts of morphin, Ac, hence more or less an anti- 
dote to poisoning by alkaloids. Precipitated by H2S04,HG1, 
HgPO^, &c. By gelatine as insoluble tanno-gelatin (leather). 
Ferric salts^bluish-black per-iinnate, the basis of ink. Boiled with 
acids : C^iB^^fin-i- aH^O^oallic acid ZB.fi ;'Kfi^+ GeHijO^. 
Heated to 2i5'^0., H^O and CO, are evolved, with formation of 
pyrognllic and metagallic acids. Many plants contain tannin : 
it is the astringent principle of tea and coffee. The tannin of 
cinchonM bark, which contains both quino-tannic acid and kinic 
ACID or QViNic ACID HCfHnO, ; differs from that of fustic. Kino^ 
divi-divi, and catechu are varieties of tannin. Catechiu from 
catechu, in needles . does not precipitate gelatin, the alkaloids, 
or starch. 8. Gallic acid Bfi^KfiiJEfi. About 3 per cent, in 
gall-nuts. Artificially by mixing pounded galls withHjO into 
a paste, and exposure to air for 6 or 8 weeks at 38°C. Tri-basic 
acid ; in hiiken, yellowish- white needles, soluble in 100 of cold 
and 3 of boiling HjO. Does not precipitate gebtin: blue-black 
colour with ferrous salts. Beduces Au and Ag salts. At about 
a 15^0 into CO, and pybogallic acid. Thus: Hg0,H,O5= 
C«H,Og-f CO2. Ellagic acid HG.H2O4.E2O formed in prepa- 
ration of HjC^HjOj. Soluble in nlkalies. Insoluble in H,0. 
Ptro-oallic acid or ptbooallin C^HeOa- In thiny scales, 
soluble in 11,0, CjHgO, and 04H,oO. Reddens litmus. Re- 
duced salts of Au ond Ag, used in photography. Melts at 
ii$°C. At 25o°0. into HjO and metagallic acid CJKfl^ 
Thus: CeHflO,= CoH408-f HjO. Purple colour with milk of 
lime, a red colour with ferric, and a blue with ferrous salts. 
Potassium pyrogallate with KHO is a test for free O2, and may 
be employed in its estimation : browns immediately in its pre- 
sence. 

The Alcohols. Xono-hasio Alcohols. 

T. Methtlic alcohol, CH^O. From destructive distillation 
of hard wood : hence Pyroxylic spirit and wood-naphtha. Also in 
oil of GatUtJieria proeumbens. Colourless liquid, of penetrating 
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odour, inflammable and volatile. Sp. gr. of liquid at o°C., 
0.8142. Boils at 65°. 5 G. Miscible with H^O : solvent of 
resins. Alkalies dissolve and colour it brown (Ure's test). By 
oxydation: CH,HO + Oj = H^O + formic acid HCHOj. 
Other reactions: CH3HO + NaHO by heat = NaCHO, + ^H,. 
Again: 2CHX) + 2KHO = K,OA + SH,. Formed artifl- 
cially by Berthelot, tuns : CtfaOl + KHO = KCl + CH3HO. 

2. Ethylic alcohol C2H5HO. As absolute alcohol, colourless, 
volatile, of strong spirituous odour : inflammable. 6p. gr. of 
liquid at o°C. 0.809s, and at 15°. 5 0. 0.794. Never frozen. 
Viscid at -iio°0. Boils at 78°. 4C. Great aflBnity for H^O. 
A solvent of gases, deliquescent salts (but not of K^CO^^ the 
alkalies, I (forming tincture of iodine), Br, of resins (varnishes) ; 
(the Excise allow the use of it, mixed with f, of metiiylic al- 
cohol), essential oils (eaux de), alkaloids. Fats and fixed oils 
but little soluble. Forms alcoates : in them it takes the place 
of water of crystallization as in (CaCl2,4C2H5HO). By combus- 
tion, into OO2 + HjO. Proof-spirit contains 49 . 24 of alcohol 
by weight Sp. gr. 0.92 at 15°. 5 C. Every additional 0.5 per 
cent, of absolute alcohol, to alcohol of above strength, is one 
degree over proof. Spirit under proof, when the gunpowder is 
left moist, after the burning off of the spirit. HjO removed by 
digestion with CaO for two or three days, and distillation by 
heat of a calcium chloride bath. By oxydation : C2H5HO + O, 
= HC2H3O2 + H2O. By KHO + heat, thus : G^U^BlO + 
KHO = KC2Ha02 + 2H2. (Allylic alcohol C3E5HO ; mobile 
liquid; boils at 103° C. Oxydized into: acroleine OjHgHO 
and ACRYLIC acid HCgHgOO. Allylic ether QJB.j,,Q^fi.\ 

3. Propylic or tritylic alcohol C3H7HO. Colourless liquid of 
fruity odour; boils at 96° C, and dissolves freely in water. 
Sp. gr. of liquid o. 81 7. By distillation of the fermented marc 
of grapes : affords a mixture of this with 4th, 5 th, aud 6th of the 
series. By oxydation : OgH^HO + 02 = propionic acid 

HC3E5O2 + H2O. 4. BUTYLIC or TETRYLIC ALCOHOL G4E0HO. 

Colourless liquid. Sp. gr. 0.8032: boils at 109° C. By oxy- 
dation : C4H9HO +02= BUTYRIC ACID HG4H7O2 + HjO. 

5. Amylic alcohol or pentylic alcohol GgHuHO. Also called 
fousel-oil and potato-spirit. Colourless, limpid liquid, of vinous, 
oppressive odour (choky). Sp. gr. ato°0. is 0.827. Boils at 
i32°C. Little soluble in HgO: a frequent impurity in crude 
brandies, accumulating in last distillate. Heated with KHO 
into 2H2 + potassium valerianate KCgHgOg. By oxydation : 
CjHiaO + 02 = valeric acid HC^HsOs + H2O. 6. Oaproic or 
hexylic alcohol CgHisHO. Limpid liquid of aromatic odour, 
insoluble. Sp. gr. at o°C., 0.833. Bnils at about 149° 0. By 
oxydation: CeHi3HO+02= caproic acid HCeHuOs +H2O. 
7. Oenanthylic alcohol C7H13HO. Transparent liquid of 

o 
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powerfol odour. Sp.gr. 0.819. Boils at 17 7^0. 8. Capbtmc 
or ocTTLio ALCX)HOL CgHi^HO. Aromatic liquid, insoluble ; 
soluble in alcohol, eiher, and acetic acid. Sp. gr. 0.823 at i6^C. 
Boils at i8o°G. From ricinoleic acid and caustic potash. 
Thus: C,8H,40. + 2KHO = H, + C8H,7HO 4- POTASSIUM sb- 
BATE K20ioH,a04. 12. Laubic ALCOHOL C,jH„HO from the oil 
of Balaena rostraia. 16. Gettlio alcohol or ethal Cj^^EO ; 
a white solid fat, fusible at 4^° G. ; soluble in hot GsHgHO. It 
is the chief constituent of pure spermacc*ti or cctin. By oxjda<> 
tion : G,aH„HO + 02= H,0 -f palmitic acid JLC^J^tftt- 
30. Melisstuc alcohol C,oH«iHO (Melissin) contained in my- 
ricin (that part of bees'-wax insoluble in G2H9HO) as palmitate of 
the oxide of melissyl. By saponification with potash, this alcohol 
obtained. A solid of silken lustre ; fuses at 85° G. Very soluble 
in benzol. By oxydation into Hfi + meltssio acid and EC,^ 
H59O2. Vinous fermentation. A change throagh the aid of a 
ferment, in which organic bodies of the amylaceous and saccha- 
rine type, break up into other compoimds of less complex struc- 
ture. The ferment always a nitrogenized body in a state of 
change. In grape-juice, the albumen by oxydation becomes the 
ferment. Yeast, a great ferment : consists of small, oval, organ- 
ized cells, nucleated, not above JL of an inch, or -^ in diameter. 

In dry yeast 10 per cent, of N and 7:5 per cent, of phosphates. 
Diastase is the ferment of germinating seeds and Duds : malt 
contains 3^ of it. One part changes 2000 parts of starch into 
dextrin and glucose. Synaftase or emclsin, the ferment de- 
rived frim bitter almonds. It resembles diastase, and is coagn- 
iBted by boiling water. It changes amygdaliic C20E27NO1, inta 

HTPBIDE OF benzoyl C^HjOH, FORMIC ACID HC^Oj. GLUCOSB 

GqEijO^, hydrocyanic acid ECiH', and "Efi, When glucose fer- 
ments, it breaks up into : 2G2HgO + 2GO2 + HjO. Temperature 
of 2i°.2G. most favourable to vinous fermentation. Port con- 
tains from 15 to 17 percent, of GjHgO, Sherry 14 to 16, Madeira 
14 to 17, Amontillado 12.6, Glaret 8 to 9, Bhine wines from 
7 to 10 per cent, of alcohol, calculated as absolute. Glaret, 
Burgundy, and Rhine- wines contain but little sugar; sherry 
less than port. Gream of tartar KHCfH^Oe, in grape- wines; 
least in old wines. Alcohol in wine rouses sluggish digestions, 
limits the metamorphosis of food, gives temporary strength to 
nervous system, carries off the effect of chills, and prevents the 
absorption of bad odours. When diet is insufficient, it arrests 
the progress of dera\ till nature can again assert the power of 
the stomach to take food. Aldehydes (from alcohcl de-hydro^ 
genatus) are hydrides of certain radicals. Produced by imperfoot 
oxydation (tf alcohols. They absorb O freely, an<1 are changed 
into acids, and they form soluble compounds with Sodium hy- 
drogen sulphite. I. Formio aldehyde CEfi, 2, Acetic 
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ALDEHYDE C^fi or CjHgHO. VolatUe, pungent liquid of sp. gr, 
o. 800 : boils at 20° G. Unites with NH, to aldehyde ammonia 
C^^(ini^)0, a white substance, soluble in HjO, insoluble in 
04H,oO, ftuiing below 100° C, and sublimes. Aldehyde reduces 
Ag salts. By CI into : Chloral C^Cifi. Thus : CJH4O + 
3CI, = O2HCI3O + 3HCI. Heated witli KHO : CjH^O + KHO 
= KCjHjO, + Hj. Polymeric : met-uldehyde, el-aldebyde, and 
par-aldebyde. Made : i. By passing CsH^UO through a red-hot 
tube. 2. By K^Cr^O, + H^SO^ + CjHjHO. 3. By distilling 
and rectifying 6 parts MnO^, 6 of H2SO4, 4 of H^O, and 4 of 
O2H5HO. Then from CaH,(NH4)0 by HjSO^. (Acetal 
0^140, = \CiB.i)20fi^fi, Coburless liquid, ethereal, of sp. 
gr. 0.821. Bciils at io5°C. By further oxydation, int«3 acetic 
aldehyde and acetic acid.) 3. Pbcfionic aldehyde C^Kfi or 
C3H5HO. Limpid, ethereal liquid; sp.gr. 0.79. Boils above 
55° C. 4. BuTYLic ALDEHYDE C4H8O or C4H7HO. Ethereal, 
pungent liquid, sparingly soluble in H2O. Sp.gr. 0.8. Boils 
about 70° 0. Butyral is isomeric. 5. Valeric aldehyde 
CjHiqO, or CaHjHO. Limpid, pungent fluid, insoluble. Sp. gr. 
0.82; boils at 96° C. 6. Capeoio aldehyde CeHjjO. Oenan- 
thylic aldehyde C7H14O or C^HisHO. Also called Oenanthol. 
Oil-like compound, from destructive distillation of castor-oil. 
Sp. gr. 0.827. Boils at 156° C. 8. Caprylic aldehyde 
GgHj^O. Insoluble. 8p.gr. 0.818, Boils at 171° C. 9. Pelar- 

OONIC aldehyde €9^1 gO. 10. BUTIC ALDEHYDE C^^JO, 

II. EuoDic CJ1H22O. Boils at 213° C. Sp. gr. 0.85. Chief 
constituent of oil of rue. 12. Lauric aldehyde C12H24O. 

atones or aoetones. Belated to aldehydes. By distilling 
the calcium salt of any of the monobasic volatile acids. Thus : 
Oa2C2H802 = CaCOa 4- acetone C^Kfi. Colourless, ethereal 
liquid, of sp. gr. o. 792. Boils at 56°C. Considered as acetyl 

METHYLIDE C^OfiE^. PROPIONE O^K^fi. BCTYRONE C7H14O. 

Yalerone C^ifl. 

The vinio aaid8. i. Methylsulfhuric acid HCH3SO4, in 
crystals. 2. Ethyl-sulphuric acid HG2H5SO4 ; unstable syrup. 
Also called sulpho-vinic acid. Ca2C^sS04,2H20. Six-sided 
tables. Isomeric acids: isethionic, parethionic, and althionic. 
ACIDS. Ethyl-carbonic acid HG2HSGO3. Not isolated. Ethyl- 
oxalic ACID HG2HSC2O4. Ethyl-phosphoric acid H2C2H5FO4, 
&c., &c. 

Ethers: simple, double, and compoiind. i. Methylic ether 
CIH3,GH30. A gas of sp. gr. 1.6 17. 2. Ethtlio ether C2H5, 
C2H5O or G4H10O. Transparent, colourless liquid, of high refract- 
ing power ; of ethereal odour and burning taste. Very volatile 
and inflammable. Sp. gr. at o°C. 0.7365. Boils at 35° C. 
Relative weight 37. H2O dissolves j( of its bulk. Solvent of 
fats and oUs, of salis as HgClj, AuClg, PtCl4*, to slight extent 
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of P and 8. Most faTotuable point of etherification between 
140° to i43°0. Formation of bulphethylio acid =EC2H5804. 
CjH^HO + H,S04 = H^O 4- HO^H^SO^. The effects of heat 
upon HC2H5SO4 may be thus represented : 

Below 12 fO. HCjH.SO^ + H^O = H^SO^ + CAHO. 
At i49°0. 2(HC2H.S0J + H,0 = H^SO, + C.HioO. 
i6o°a HCjH^SO^ =H,S04 + C,H4. 

[Alltlic ether C,Hg,C;HsO. Prep. G^^JL + KOaH^O = KI 4- 
(OgHa)^©. In oil of garlic together with allyl sulphide 
C,H3,C,H58.] 3. Pbopylic ether Q^fi^Rfi. 4. Buttlic 
ETHER C4H„C4EgO. Both but little known. 5. Amtlic ether 
CsHii^CsHiiO; boils at 176°. 5. Double ethnn. The higher 
ones but little known. Methtl-ethylic ether GH3,C2H5,0. 
Thus: CaH J + C.H,KO = KI + CHaAH.O. Or: CH,I + 
CjHsKO = KH- CH,,C2H5,0. Boils at ii°0. Methyl-amylic 
ether CHsjCgEiijO ; boils at 92^0. Ethyl-capryuc ether 
C2Hs,C8Hi7,0. Amyl-ethylic ether C^K^ifififl ; boils at 

II2°C. 

Alcohol radicals with metallic deriTatiYes. Potassium methy- 
late XCH3O. Potassium ethtlate KOJR.fi. [Potassium 
allylate KCsHjO.] Potassium amylate KCJI^ fi. With Zn. 
Zinc methyle (CHs)2Zn. Spontaneously inflammable liquid, 
heavier than water. Zinc ethyle {C^g)JSii. Colourless, mobile 
liquid of sp.gr. 1.182. Boils at ii8°0. By slow oxydation 
into Zinc-alcohol (C2Hj)2Zn02. By NH3, into zinc amide and 
ethylic hydride: (C2H5)2Zn + 2NH3 = (NHj)2Zn+2C2HaH. 
By heating zinc ethyl with ethyl-iodide we obtain ethyl 
CsHs^G^Hs. (Frankland.) Thus : (C,H3)2Zn + 2C2H5I = 
Znlg + 2(C2H5.C2H5). By the action of CO2 upon potassium 
ethyl, Wanklyn obtained potassium propionate O3H3KO2. Zinc 
ethyl most useful in obtaining other ethyles, as silicic, mercuric, 
plumbic, &c., by action upon silicic, mercuric, and plumbic 
chlorides. Zinc amylide (G5Hii)2Zn : colourless, fuming liquid. 
With Eg. Mercuric methyl (CH3)2Hg. Sp. gr. of liquid 3.07; 
boils at 96^0. Mercuric ethyl (C2H5)2Hg. A liquid of sp. gr. 
2.46. Boils at i59°C. Mercuric methyl-iodide CH3HgI, in 
scales. Thus : (CH3)2Hg -f Hglg = 20H3HgI. With P. 
Phosph-ethyl (C2H5)gP. Insoluble in water; boils at 127^0. 
Spontaneously inflammable. Unites with CjHjI to : iodide of 
tetrethyl phospbonium (C2H5)4PI. (C2Ha)3P is obtained by the 
action of PCI, upon (C2H5)2Zn. Thus : 8(C2H4)2Zn + 2PCI3 = 
3ZnCl2 + 2(C2H5)3P. With As. Arsenicum methyl (CH3)As. 
Colourless liquid ; boils at 1 2o°C. By the action of CH3I upon 
an alloy of Na with As. Arsenicum di-methyl ((CH3)2A8)2 or 
Kd, is KAKODYLB. Colourlcss liquid ; boils at r 7o°C. Sponta- 
neously inflammable in air. Of disgusting garlic odour. Very 
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poisonous. [Eakodtlic oxide ((CH,)2Ab)20 or Xd^O, is Alkarsin. 
Colourless, ethereal fluid, of offensive odour ; very little soluble 
in water. Formed by distilling AsjO, with 4KC2H8O2 = 
2K2CO, + 2CO2 4- ((CIH,)2Ab)20. Kakodylic acid F(GH,)2A802 
or HKdOj. Colourless crystals; deliquescent. Not poisonous.J 
With 8b. Stib-ethyl (CjH5)38b. Heavy liquid of garlic odour. 
Obtained by the action of sodium stibide on ethyl-iodide or of 
SbClg upon (C2Hj)2Zn. Boils at 158°. 5 C, and inflames in air. 
With Bi. BiSMUTH-BTHYL (CaHs),^. Colourless liquid, spon- 
taneously inflammable. With B. Bob-ethyl (C2H5),B. 

Ck>mpoand ethon. Chlorides of alcohol radicals are formed, 
together with water, when HCl is made to react upon the 
alcohols. Thus : HCl + CSHaHO = HjO + CHgCl. Also by the 
action of PCI, upon CH3HO=HCl-hPOCl,4-CH,Cl. Methyl 
CHLORIDE CH3GI: colourless liquid of sp. gr. 1.731. Thus: 
NaC2H302 -f- 2ICI = NaCl -f- CO2 + Ij + CHjCI. Ethyl chlo- 
BiDE or HYDBOCMLOBio ETHER G2H5CII boils at I i^C. By red heat 
into C2H4 + HCl. Ethyl iodide O2E5I : colourless liquid ; 
boils at 70°. 3 C. Sulphide {C^i)^^: colourless liquid of garlic 
odour; boils at 73°C. Mercaptan or ethyl hydrogen sul- 
phide C2H5HS : inflanmiable liquid of intense garlic odour ; 
boils at 36°C. Sp. gr. 0.835. Salts called mebcaptides as 
K(02H5)S. Prep. By distilling potassium ethyl sulphate with 
KHS. Thus: KC2H4SO4 -h KHS = K2SO4 + C2H5,HS. Cyanide 
G2H5C7: poisonous liquid, of sp. gr. 0.787. Boils at 88°C. 
Methyl acetate CH3,G2E30o : a product of destructive distilla- 
tion of wood. Sp. gr. 0.956. Boils at 56°.3C. Methyl 
salicylate GH^CrHjO, : essential oil of Winter-green GatUtheria 
prociimbeTiSf and of Betula lenta. Methyl oxalate (CH3).^G204. 
Transparent crystalline plates. Ethyl acetate G2H5,G2H302 or 
acetic ether: colourless liquid of pleasant odour. Sp. gr. 
0.89. Boils at 74°C. Ethyl formate GjHsjGHOs: liquid, of 
faint odour as of HCy. Sp. gr. 0.915 at i8°0. Boils at 53°C. 
Oenanthic ether probably a mixture of C2H3,C8Hi502 and 
C2Ha,C,oHig02 ; gives fragrance to wines. Sp. gr. 0.872. Boils 
at about 23o°C. Ethyl oxalate (G2H5)2G204 : colourless, 
ethereal liquid. Boils at 18 4°C. Sp.gr. 1.093. By alcoholic 
solution of NH3 into : oxamide G2K2H4O2, a greyish-white solid. 
Thus: (CaH3)2C204-f 2NH3= 2C2H3HO + CjNjH^Oj. Oxamide 
is ammonium oxalate minus 2H3O. Ethyl cyanate G2Hs,GK0 : 
pungent, volatile. Sp.gr. 0.898. By KHO into ethylia or 
ethylaminb CJEL^jm^. Thus : G2H3CNO + 2KH0 = K2CO3+ 
C2H5NH2. Ei^YLiA is a powerful base. Ethyl carbonate 
{G2E3)2G03: a liquid of aromatic odour; boils at i25°C. Sp. gr. 
0.975. Obtained by heatiug Ag2C03 with 2(C2H5l). Heated 
with alcoholic solution of NH, into urethane or carbamio 
ether G2H5,NE2^s' Resembles spermaceti. By NH„ urethane 
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ohanores into alcohol and urea. Ethtl sulphate (Pfii)^^» 
An oily liquid of sp. gr. 1. 120. The true sulphuric ether. By 
heat into SOgjC^HgHO and CjH^. Ethyl nttbate C^H^jKO,. 
Sp. gr. of liquid r . 1 12 ; boils at 85^0. Ethtl nitbite CsHg^HOj : 
pale yellow, with odour of apples. Sp. gr. 0.947; boils at 
16°. 6C. A solution in alcohol mixed with aldehyde, constitutes 
Spiritus etheris nitron. Ahyl acetate CsH^fC^HjOx : a fragrant 
liquid, with odour of Jargonelle pears. Boils at i37°C. 

Action of halogens upon ethers and alcohols. Dichlobikated 
ether {Q^JSi^jdi oily liquid of sp. gr. i . 501. Perchlorinated 
ether( C2C1s)20 : solid. Chloral or trichlor-aldehyde CjHCljO: 
oily liquid : by a little H^O into a solid hydrate. Sp. g^. i . 502 ; 
boils at 94^0. Made by passing Clj into alcohol to complete 
saturation. By KHO into potassium formate and Chloroform. 
Thus : CjHCl,0 + KHO = KCHO, + CHds. By HNO, into : 
OHLORACETio ACID JLQJSifi^, Bromal Q^C&tfi \ colourless. oily 
liquid, of sp. gr. i .497 ; boils at 100°. 5 0. Chloroform CHGl, : 
volatile, ethereal liquid. Sp. gr. 1.497; Iwils at 6i°C. Very 
little solu ble in H^O; solvent of fats, r esins , alkaloids, &c. 
Iodoform CHI,, yellow solid. Bromoporm CHBr,. 

Hydrocarbon radicals from monatomic alcohols. They belong 
to the type H}H. The reaction between certain metals and 
ethyl iodide mtty be thus represented, as it is proved that the 
formation of CgH^ is preceded by a compound of metal with 
ethyl. I. 2(0sHJ)+Zn}Zn=Znr,+(C,H5),Zn. 2. (CjH.)2Zn 
+ 2(PfiJ.) = Znlj + 2(C2H5 fCaHj,). Methyl CH, }CH,: a ga« 
of sp. gr. 1.0365 ; bums with blue flame. Ethyl b.^^\fj^^\ 
gas, of sp. gr. 2 . 046. Tetryl, nrTYL, or valyl C^Hj, } C4H9 : boils 
at io6°C. Sp. gr. 0.7057. Ethyl-butyl CjH4}C4H,: boils at 
62°C. Amyl CjHulCaHn: boilu at i55°C. Ethyl-amyl 
C^HjfCjHii: boils at 8»°C. Caproyl CeHi,}C,H,,: boils at 
202°C. Mbthyl-caproyl CH, }CeH,3 : boils at 82°0. Butyl- 
am yl C4H7 jCgHii : boils at i32°C. Buttl-caproyl C^H, ICgH,! : 
boils at 155° C. In complete correspondence are the hydrides 
of these radicals. Methyl hydride GH, }H. 

The diatomic alcohols: glycols. Compounds formed on the 
type of two molecules of water. Prepared from Ijydrocarbons, 
homologous with ethylene. Chief radical: Ethylene C2H4. 
Colourless, inodorous gas, of sp. gr. 14. One vol. of HjO dis- 
solves 0.256 of the gas. Bums with bright flame, consuming 
3 vols, of O to each vol. of the gas. Absorbed by H2S04,SO,. 
May be compressed into a liquid. Prep. HC2HaS04 by heat 
= H2SO4 + C2H4. In combination, one atum of CjH4, can 
replace 2 atoms of H. PROPYiiENE C3H0 : a gas of sp. gr. i . 498. 
Butylene GfHg. Amylene C^Hi^: colourless liquid; boils at 
39°C. Anaesthetic, i. Ethylene alcohol or glycol C^O^ 
or C2H4,H202: a liquid of sweet taste. Sp. gr. i . 125 ; boils at 
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t97°.5C. From ethylene aoetate CJLfiCJBLfi^y by digestion 
upon BaHjO,. By oxydation into glycolic acid HGsHgOjO,. 
Thus : CjHaOj + O, = H^O + HOjH.O.Oj- Further oxydized 
into oxalic acid. Glycol ethee^ or ethylene oxide C2H4O : 
volatile liquid; boils at 13°. 3O. Prepared by the action of 
ELHO upon ethylenic hydrochloride G,H4,H(nO. Ethylene 
MEBCAFTAN G2H4HS : oHy liquid ; boils at 148^0. Glycol 
chloride (G2H4)G1, is ^' Dutch liquid/' 2. Propylene alcohol 
C^gHsOg: boils at 18 8^0. By slow oxydation into lactic acid. 
Propylene etheb, C^'Efi. 3. Amylene alcohol CJL^JS^O^i &c. 

Triatomio alcohols. Glycerin GsHj^HsO, : the basis of fats. 
See the fats, p. 90. Contains the triad radical glyceryl G3H5. 
Colourless syrup, of sp. gr. 1.28; very soluble in water and in 
alcohol. Slightly volatile at ioo°0. Only distillable in super- 
heated steam. Obtained from palm-oil and other fats, by dis- 
tillation in super -heated steam. Thus palmitine CsH,, 
(C,eH,i08)0, + 3H,0 = 3HCi.H„0, + glycerin C^H^TLfi^, By 
neat, glycerin changes into 2H2O and acrolein G3H4O, a 
fluid of burning taste and irritating odour. Best obtained by 
distilling glycerin with KHSO4. HOI decomposes glycerin 
into : I. Monoohlorhydrin G3H7O2GI + HgO. 2. Dichlor- 
HYDRiN GsHqOGI, + HjO. 3. Epiohlorhydrin G,H,0G1 4- HCl, 

Tatty adds, tiie derivatiYes of the aloohols by fall oxydation. 
1. Formic acid HGHO,: native in Formica ruf a and in Urtica 
urena. Fuming, irritating liquid. Boils at i05°0. Below o°0, 
in scales. Eeducing agent. Formates. By H2SO4 into HjO 
+ 00. By BaHjOj a formate is changed into an oxalate and 
H,. Thus: 2(H0H02) = HAO4 -f Hj. Prep, HAO4 = 
CO, + HGHOj. Anhydride €H0,GH0,0. 2. Acetic acid 
HGjHsO, ; ^^ glacial " in shiny, colourless plates, fusing at 1 7^0. ; 
.ep. gr. of liquid i .063. Sharp taste, blisters the tongue ; boils 
at 117^0., and distils. Radical othyl CJR.fi, Prep, From 
NaCgHjOj + H,S04 by distillation. Also from ethylic alcohol 
by oxydation. Thus : C2H4HO + Oj = H^O + HOaHsO,. 
Anhydride G2H30,G2H,0,0 or C^Kfi^; boils at i37°.sC. 
Acetates. KCgHgO, : used in medicine as a diuretic. Foliated, 
deliquescent. KH4G2H3O2 in solution, is Spiritus Mindererus 
of medicine; diaphoretic. FOjSGjHsOj deep -red; a test. 
Pb2C2H,02,3H20 in riirht rhombic prisms, or in masses of 
white crystals of sweet taste. Sugar of lead. Soluble in less 
than two of HjO. By heat anhydrous, then fuses ; if tempera- 
ture is raised, into : acetone G,H,0, COj and PbH-Oa, 
2(Pb202H3O2), in pearly scales, alkaline, freely soluble. 
Pb2C^302«2FbO,H20, is Goulard's extract ; in crystals, by NH, 
to a solution of acetate. Formed in manufacture of white lead 
PbH202.2PbC03. Gu02Gu2C2E302,6E20 is verdigris. Schwein- 
furth green is Ga2GxHs02,2(Gn2As02). AgCJKfii in silken needles, 
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little soluble. HgOjHsOs, in brilliant scales, little solabla 
[AcETAL CgHifOs = (CjH^sOjCjH^O : colourless, ethereal liquid, 
of sp. gr. 0.821 ; boils at 105^0. A product of slow oxydatiou 
of vinic alcohol. Chlor- acetic acid HGjHgGlO, melts at 63^0. 
Tri-chloracetic acid HCgClsOj melts at 46^0. Also compounds 
with Br and I. Thi-acetio acid ECsH^OlB; a colourless liquid; 
boils at 93^C. Sulph-acetic acid KC^flBO^. Acetone 
C3H0O : ethereal liquid of sp. gr. o. 792. Boils at 56°C. Frep, 
By distilling Calcium acetate with CaO. Ca2C2H,02 = OaCOj 4- 
C^HgO. Also by passing vapours of acetic acid through a red- 
hot tube : 2HCJH3O2 = CO, + HjO + C,H«0. The ketone of 
acttic acid. Propione C5H10O : oily liquid. Acetylene CJEL^ 
or klumene ; gas of disagreeable odour, very soluble. It bums 
with smoky flame. With nascent hydrogen forms Ethylene 
C2H4. From ether at red heat.") 3. Propionic acid HC3H5O2; 
in crystalline plates, soluble in Hfi ; very fusible. Boils at 
i4o°0. So called because the first of the fatty acids. Produced 
in the fermentation of glycerin, by the oxydation of propione 
CjHj^jO, of oleic acid, and also from ethyl cyanide CjHsCy by 
KHO and HgO = NH, and potassium propionate. Thus : 
CjH5,CN + H2O + KHO = KCjHsO^ + NH,. 4. Butyric acid 
HG4H7O2, of sp. gr. o. 9886 at o°C. Boils at 15 7^0. Liquid with 
odour of rancid butter. By fermenting sugar with casein at 
35°0. Thus : C^HajOi, + 2H2O = 4CO2 + 4H2 + H2O + 
2HC4H7O2. 5. Valeric acid HC9H9O2: oily liquid, boiling at 
i75°0. Soluble in alcohol and ether. Found in Valerian, and 
berries of Viburnum opiUuSj and in decaying cheese. Prepared 
by oxydation of valeric alcohol. 6. Caproic acid HC0H11O2 : a 
liquid with odour of perspiration; boils at 20o°C. 7. Oen- 
anthylic acid HG7H,302: boils at i4»°C. By oxydation of 
castor-oil. 8. Caprylic acid HC^HisOg : melts at i5°0. 

9. Pelargonic acid HG9H17O2 : oily fluid, insoluble in HjO. 

10. Oaprio or RUTic ACID HG10H19O2. In needles which fuse at 
30^0.; smells of goats. "Oil of rue** is CioHgoO. 12. Laurio 
ACID HC12H28O2 : fuses at 43°. 5C. In berries of Laurus ndbUis, 
in cocoa-nut oil, &c. 14. Myristio acid HG14H27O2 : melts at 
54°C. In nutmeg-butter. 16. Palmitfc acid HGigHgiOj : white 
fat, fusing at 62^C. 17. Margario acid KC^jK^fi^: fuses at 
6o°G, 18. Stearic acid HGi^Hj^Os : pearly scales, fusing at 
70°. 5 C. Solution in hot alcohol, reddens litmus. Pure in the 
oil of Bassia latifolia. 

Fatty acids continued: of the oleic add type. Heated with 
KUO they break up into acetic, and another acid of the stearic 
group, with liberation of hydrogen. [2. Acrylic acid BC^fi^ : 
liquid of acid, burning tabte ; boils above loo^C. Acrylates all 
soluble. Prefp. From acrolein GgHfO by oxydation 2C,H40 -f- 
3 Ag20 = HjO + 2 Ag2+ 2 AgCjHgOa. 4. Angelic acid HCsH^O, : 



ACIDS OF OXALIC AND LACTIC TYPE. 89 

ooToorless prisms, fusing at 45°G. 14. Mobingic acid ILCi^'K^jOi 
in Moringa aptera (oil of ben). 15. Physetoleio acid 
HCjgH^^Oj: melts at o°G. ; ia oil of Pkyaeter macrocephalua.'} 
17. Oleio acid HGigH,,02 : melts at i4°0. CJolourless oil. fo- 
tassiam oleate in Naples soap ; sodium oleate in Marseilles soap. 
By exposure to NOj, oleio acid into elaidic acid, which U iso- 
meric; melts at 45°G. [18. Doeglic acid KCiJEL^fi^- ^'^ ^^^ 
from BaJLaena roatrata, 21. Erucic acid HC22H41O2 : in oils of 
colza and mustard.! 

Adds of the ozalio add type : di-baslo. Stand to the di-atomio 
alcohols in the same relation as acetic acid to the monatomic 
alcohols. I. Oxalic acid H2C204,2H20 : 4-sided prisms (p. 78). 
2. Malonic acid H2G3H2O4 : in rhomboids. 3. Succinic acid 
H2C4H4O4 : in rhombic tables, soluble in 5 of cold and 2 of 
boiling H2O. In amber {Succinuvft), Easily fiom calcium 
malate. Thus : 60aC4H40a = Ca2C2H302 + CaCO, 4- HjO 4- 
3OO2 + 4CaC4H404. Also from butyric acid HC4H7O2 by 
HNO,. Thus : 2H04H;02 + 3O2 = 2H2O + 2H2C4H4O4. 
4. LiPic acid H2CsHe04. 5. Adipic acid H2CeHg04. 6. Pi- 
MELic ACID H2G7H10O4. 7. Suberic acid H20gHi204 : white, 
crystalline powder. From bark of Quercus. 8. Anchoic acid 
H2CgHi404: fuses at ii^^O.] 9. Sebacic acid H2C,oH,«04: in 
pearly scales from HjO; melts at 127^0. By distilling fixed 
oils. Also by heating ricinoleic acid HOuHjaOa, with KHO. 
Thus: HOigHjaOa + 2KHO = OgHiyHO (octylio alcohol) 4- H, 
-h K2CioHig04 (potassium sebate). 

Acids of the lactic acid series, i. Glycolic acid HG2H3O8 : 
nncrystallizable syrup; precipitates lead acetate. 2. Lactic 
AOiD HCgHjOs: syrupy liquid; in gastric juice and fluids of 
muscular tissue : para-lactic acid UCgHjOg. Zn2C,H508.8H20 
in brilliant 4-sided prisms, soluble in 54 of HjO. GaHs^s^A^s* 
H2O in radiated needles. A product of decomposition of the 
acid at 26o°C. is lactic anhydride GgH402. Digested with HI, 
thus: H08H403+2HI=l2+H20-h PBOPiONic acid HOgHaOa. 
[Lagtamide NHatGgHsOj.] 

Fats and oils : general charaoteristios. Lighter than HjO, the 
fixed fats and oils leave a stain upon paper, and cannot be dis- 
tilled without decomposition. Insoluble in HjO, little in alcohol, 
very soluble in ether and benzol. Possess attraction for oxygen ; 
drying (walnut, poppy, linseed, hemp) and non-drying. The 
non-drying oils, like castor-oil, olive- and almond-oils, form 
ELAiDiN with NO2. Natural separation of fats by cold and pres- 
sure. The common fats consist chiefly of olein, margarin, stearin, 
and pahnitin ; they saponify with various oxides, giving up 
their constituent glyceryl in combination with H2O. Amongst 
the important fats are : olive-oil and almond-oil of sp. gr. 
0.918. Colza-oil from Brassica oleifera, Linsebd-oil from 
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Linum imtatissimum. Spebm-oil from Physeter nuicroeephaZug* 
Castor oil from Uicintu communiSy is solable in OsH^HO. 
Affords BiciNOLKio acid EGigHssO,, by saponification. CoooA- 
HUT OIL from C0CO8 nudfera is solid below 2o°G. Saponified, 
yields 8 acids. Palm-oil from ElaU guineenaU ; falhitin its 
chief component. Butteb consists of olein, PALMmtr, with 
small quantities of buttbin, capboin, and capbtlin. Suet, 
chiefly of steabin : in labd, olein predominates over margarin 
and stearin. Spebmaceti consists chiefly of getin (j^^fi^ the 
basis of which is ethal CigHg^O. By distillation : qetenb 
CisE,,, and palmitic acid. Beeswax fuses at 63^0. % its 
weight of Mybicin or palmitate of melisstl OzJEL*\fi\A\^t 
iuboluble in CjHgHO. \ of wax consists of cebotio acid 
ECstHsjiO,, soluble in boiling C2H9HO. Cbboleik, about 4 to 5 
per cent., remains in solution in alcohoL 

The ohief oomponents of fisits and oils. i. Olein or teb-oleate 
of glycebyl C5.H,o40« or (i^JS^x^ztO^zO^ : a colourless liquid, 
the chief constituent of oils. By NO, into elaidin, an isomeric 
solid &t By destructive diutillation into bebaoic acid 
HjC,(>Hn04. Prep. By dissolving olive-oil in boiling O2H5HO ; 
on cooling nearly all the mar>>:nrin separates, 2. Mabgabin or 
tbi-mabgabin Oa^Eio^Os or G3H5(Gi7H3,0)808. Nearly insoluble 
in C2H5HO : from ether in shiny scales, fusing at 47°0. Prep, 
From olive-oil by pressure at low temperatures, and repeated 
crystallization. 3. Steabin or tbi-bteabin C^jKiifit = ^t^i 
{OisK^iO)fi^. Pearly scales soluble in ether, and in 7 of boiling 
GjHflllO. Fu:»es at 62^0. Chief constituent of solid fats. 
Pr^. Mutton suet, treated with 10 vols, of ether, is deprived, on 
boiling, of the small quantities of margarin and oleia it con- 
tains ; stearin depositing on cooling. 4. Palmitin C^iH^gO, or 
TBi-PALMiTiN C,H5(C,0H,iO)3Os, nearly pure in Japan wax ; largely 
in palm-oil. Melts at three different points ; 46^0. and 62° . 8G. are 
the highest and t'le lowest. Crystallized from ether. Saponi- 
fication. The bsue of hard soaps, soda; of soft, potash. 
Soaps of the alkaline-earths, &c., insoluble, hence the curdling of 
soaps by hard waters. In saponification by CaHjOs, the in- 
soluble stearates, &c., are separated from the soluble glycerin, 
and decomposed by dilute H2SO4. The separation of the fatty 
acids from the glycerin also accomplished by super-heated steam 
between 260^0. and 3i6°C.; both the glycerin and the acids 
distil. Glycebin C3H3H3O3 : colourless syrup, already described. 
By dropping glycerin into HNO, : nitro-glycebin or olonoin 
Ci^^O^Oj)/)*. It explodes violently when heated, and is em- 
ployed for blasting. Very dangerous. Like a true triatomic 
alcohol, glycerin forms a bulpho-glycbric acid C^K^'BBOfl^ 
Phospho-glyoebic acid, in the brain, and yolk of eggs. 
[Chlobhydbin C3H7CIO2; oily ethereal liquid, boils at 22j°G, 
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loDHTDBiN C9H11IO3; golden-yellow syrup. By dilute solution 
of KHO into glycerin CfiJELfi^, KI, and glycekic ether 
C^ioOa- Thus: 2CeHiiIO,+ 2KllO+H,0=2Kl4-2C8H,H,0, 

Thfi Volatile or Essential Oils. 

Generally colourless, give odour to flowers, &c. Not soluble 
in HjO, easily in alcobol and ether. Boiliny: points above 
loo^C. Ck>mmunicate a greasy stain to paper, which volatilizes 
when warmed. Do not saponify: contain a steaboptem in 
place of margarin ; and an elaeoften in place of olein. Be- 
come resinous, and coloured by oxydation. (His consisting of 
C and H alone. Many of these isomeric. Oil of turfen- 
TIKE CiqEi, from Pinus abies : that from the Larch is Venice 
turpentine ; from Fistacia lentiscus is Chian turpentitie. Vola- 
tile, balsamic liquid of sp. gr. 0.864: boils at iGo^C. Not 
soluble in HjO : dissolves resins, oils, S, and F4. Campbine 
is a species of turpentine. HOI combined with it and forms 
OioH,8,HOI. There are several hydrates. Heated with lead 
oxide, oil of turpentine into: formic and terbtenio acid 
C^uOy Thus : 20,oHie + yO^ = 2H0H0j-f- iCoH^fl^. Oil 
OF berqahotte C10H19, with a solid C^^K^fiy Oil of lemons 
CjoHi,, also isomeric, with a solid C^^'Eifiy Oil op oarraway 
CioHjc with anotiier liquid hydro-carbon, carvol C10E14O. 
Oil of cubebs G15H24, metameric. Oils oontaining o^gen. 
Oil of rue from Muta gravtolens, chiefly rutol GuH^jO. 
Camphor CjoHj^O, from Laurus camphora, Sp. gr. 0.996. A 
white translucent mass, of hot, thim cooling taste, soluble in 
alcohol, ether, and the essential oils. Fuses at 175^0. Boils 
at 204°C. Distilled with P^Oa into cymol C,oH„-f H^O. Oxy- 
dized by HNO,, into camphoric acid I^Q^JI^fi^. Camphor, 
from the Dryobalaiwps camphora is CioHigO : occurs combined 
with Borneene CjoHig. Oil of cumin contains cymol C10H14 and 
ouminol CioH,40,H. [Cuminic acid ECiqH.iO,, in colourless 
plates. By treating the hydride, or cuminol, with alcoholic 
solution of potash we obtain cuminic alcohol CiaHi^EO.] Oil 
OF thyme is a mixture. Contains thymol Clfi,^^0, Oil 07 
aniseed CjoHijO: in seed of PimpineUa anisum. By oxydation 
with HNOg, into anisyl hydride C^H^Oz^. [Anisic acid 
ECaH^Os ; distilled with BaO = BaC08+ anisol O^H^O.] Oil 
of cinnamon contains cinnamyl hydride GgHyO^H ; boils from 
22i°C. to 2 29.5 °C. [By oxydation : cinnamic acid HCgHrO.. 
Found in Tolu and Peruvian balsams. Besembles benzoic acid. 
Distilled with BaO = BaCOj + cinnamol CgHg. Cinnamic 
alcohol CJggHO.I Oil of spiraea or meadow-sweet contains 

8ALI0YL hydride HG7H5O2 Or SALICYL0U8 ACID. BoUs at 1 82^0. 
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[N.B. Salicin CjiEigO, ; white needles of bitter taste, in bark 
of Salix, Populus, &c. Heated with KjCrjO, + dilute H2SO4, 
sfl^O into: oil of spiraea, CO2, and Formic acid. Boiled 
with HCl into saligenin CjEgOj. Salicylic acid EGtHsO,; 
little soluble. Methyl salicylate, HC7H4(GHs)03, is oil of 
GauUheria procumbens or Winter green, Pofulin CjoHj^Og, 
2H,0 ; resembles salicin. Contains the elements of salicin ben- 
zoate. Phloridzin C21H24OJ9.2H2O ; silken needles, in root-rind 
of cherry. By acid into glucose, aud phloretin C^^Kifl^, 
EscuLiN or POLYCHROME C21H24O18 ; colourlcss needles. In bark 
of ^sculus. QCERCITBIN (Gs^so^ir)^^* ^^ ^^^ ^^ Quercus 
tinctoria. Yellow crystals. Boiled with dilute H2S04,2H2O 
into glucose and quercetin CgsHisOio- Datiscin C21H22O12, in 
leaves- of Datisca cannabina. Colourless crystals. By dilute 
acids into glucose and datibcetin CigHioOg. Saponin CjjHgoO, (?) 
in root of Saponaria, &c. Colourless mass, soluble in water. 
CouHARiN CbEc02 in Tonkorbean, Melilotus, Aspervla, Anthoocan^ 
titum, &c. By KHO into couharic acid HG9H7O,. Antiarin 
Ci4H2o03,8H20 in Upcts antiar. Pearly scales, very poisonous. 
Elaterin CjoHssOs in Momordica daterium. White, silken 
mass. Gentianin G14H10OS in Gentiana lutea. Yellow needles ; 
very bitter. Picbotoxin C^'Efi, in Cocculus indicus. Colour- 
less, stellate needles. Santonin GisHigOg in Artemisia santonica, 
Qolocynthin GMHg4028, in Cucumia coloeynthis.'} Benzoic 
Beries. Essence of bitter almonds, or benzoyl hydride 
CjlEfiyB.; fragrant liquid, not poisonous. Sp. gr. 1.05. Boils 
at 1 8o°C. Not contained in bitter almonds, but from amyodalin 
C«oH27NOii,8H20 acted upon by synaptase or emulsin, a species 
of diastase. Thus: 2(C2oH27NO„) = 4G,HsO,H + 2HCN' + 
CeHi20e+4HCH02+4H20. Eeadiiy oxydizes to benzoic acid. 
Benzoic acid 'KCj'RfiO, or benzoyl oxide. Contained in gum 
benzoin, Styrax benzoin. Light, flexible needles ; melts at 120^0., 
sublimes at i45°C. Soluble in 200 of cold, and 25 of boiling 
HjO. Benzoic anhydride Cj'RflfCjKfitf ^7 decomposing 
NaCyHjOj with benzoyl chloride. Benzoates mostly soluble. 
Ferric benzoate insoluble in HjO, soluble in alcohol. Cal- 
cium BENZOATE Ga2G7H502 is now prepared by heating calcium 
PHTHALATE CRCgH404 with CaHjO, : CaCO, formed at same 
time. By HNOg, benzoic into nitro-benzoic acid HG;H4,K02,02. 
By distilling calcium benzoate, it changes into CaCOg, and: 
Benzonb or benzophenone Cfi^jC^fi, An oily fluid, distils. 
Benzol or benzine GqHs, limpid fluid of sp. gr. 0.85 at i5°C. 
Boils at 80°. 6C. [Heated with alcoholic solution of KHO, and 
distilled, nitro-benzol yields azo-bbnzol (GeHgK), in red crystals, 
and PHENYLAMIN or anilin Cq'KjS or G4Hg,NH2 P* ^o^- ^i' 
nitro-benzol GeH4(N02)2> Chloro-benzol G^HgCl,, crystalline 
soHd. By distillation with 2AgC2H,02 + HjO = 2AgCl + 
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BEKZO-OLYCOL DI-ACETATE C,'Kfif2CJELflt. BENZOYL OXT-CHLO- 

BiDE CJB,fi,Cl, liquid of sp. gr. r.25. Obtained by passing Gl, 
througn benzoyl hydride CjHfiJS. ; or by the action of PCI5 upon 
benzoic acid. Tiius : HCyHjO^ -f PCI^ = HCl + POClg + 
C7H5OGI. (From it Gerhardt made benzoic anhydride Cjifi, 
GtHsOvO.) Heated with sodium valerate NaGsH^Gj into valero- 
benzoic anhydride. Benzoic alcohol C7H7HO; an oily liquid, 
obtained by action of alcoholic solution of potassium hydrate 
upon benzoyl hydride. 3G7H7HO + KHO = 2H2O + KG^HjOg 
4- toluol liCji^). Benzoine O14H12O2, is an isomeric modifi- 
cation, remaining/rom distillation of the oil from almond paste. 
Fuses at i2o°G. Benzilio acid HCj^HnOa fuses at i2o°G. 
Benzile C,4Hio02 ; isomeric with benzoyl. By Glj upon ben- 
zoin. Benzoyl (G7H50)2 ; odour of geraniimi. The radical of 
the series. Heated with 2KHO, into potassium benzoate 
aCKCyH^Oj), and Hj set free. Hippuric or glyco^penzoic acid 
HC^HgNOs ; in needles, soluble in 600 of HgO. By boiling HCl 
"witli hippuric acid, HgO is assimilated, and it is resolved 
into GLYcociNE C2H5NO2, and Benzoic acid HG^HaOj. Hip- 
puric acid is benzoyl-qlycocine HG2H3(C7H50)if02. When 
Wled with PbGg, into GG24- H2O and benzamide NHs^C^H^O. 
From benzoyl cliloride 2(GyHaOGl)+Zn2G2H4NG2 = ZnGl2+ 
2 (HGgHgNOa) . A constituen t of the urine of herbivora ; formed 
in quantity when benzoic acid taken internally. Obtained by 
evaporation of cow urine, and precipitation by HGl. [Hydride 
op toluyl C8H70,H and tolhylic acid HOgHrOO are homo- 
logous with the benzoyl series. Toluol or benzoenb C^Hg 
homologue to benzol. Xylol C,Hio. Gcmol CbHij. Gymol 

Oils containing Bulphnr. Oil of mustard CJEL^^CNB is allyl 
BTJLPHO-cvANiDE. Not in the seed, but by a peculiar albu- 
minous matter, aided by HjO, upon myronio acid. Boils at 
i48°G. CaHjI -h KCKS = KI + CjHj.CNS. Oil op garlic 
or ALLYL SULPHIDE (C3Ha)2S. [Allyl (C8H5)2, liquid of sp. gr. 
0*684. Prepared from GaHgl by Na. Allylic alcohol 
CgEsHO, boils at io3°G. Metameric with acetone.] The resins 
and giun - resins. Insoluble in HgO, soluble in alcohol, 
ether, &c. Gommon resin or colophony consists of two isomeric 
acids, PiNic and sylvic HC20H29O2. pinic acid being most soluble 
in cold alcohol. Galipot, from Pintis maritima, contains 
pimaric acid, the isomer of pinic acid. Lac, from Ficua indicay 
&c., in the market as stick-lac, seed-lac, and shellac. Guaia- 
CCM, from 6?. officinale. The resin contains two acids, one of 
which GUAiACio ACID HOqH^Os, in needles soluble in HjO. 
Melts at 3i6°G. Jalap resin consists of two resins, jalapin or 
RHODEORETiN Gs^HgoOie, insoluble in ether and pararhodeoretin, 
powerfully acid, with jalap odour and taste. Balsam of capivi 
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containB capttic acid, a neutral resin, and an oil C|oE,c* 
Chun resins are hardened milky exudations from plants, in 
addition to g^nm soluble in HjO, they contain the characteribtio 
resins and oil«. Include assafcetida, aloes, ammoniacxtm, 
SCAMMONT, MTRBH, &c. Ambeb IS a fossil rcsiu : contains sccci- 
NIC ACID H2C4H4O4, already described at p. 89. Caoutchouc in 
Jatropha eUigtica, &c. A hydro-carbon CioH,,, soluble in coal- 
naphtha, in OS,, ether, turpentine. Melts at obout 1 2 i^O. Vul- 
canized, invented by Goodyear, contains S : ebonite is another 
form of it. Gutta-febcha, from Isofiandra percka, tough 
and inelastic ; softens below loo^G. Soluble in benzol 
CeH, &c. Insoluble in alcohol and ether ; isomeric with India* 
rubber. 

Cyanogen, Eydrocyanio Add, and Cyanides. — Cyanogen 
CS }CH or (CN), or Cy,. Type of a simple salt-radical like 
Cl^* I2, Br,, ^nd F,. Colourless, poisonous gas, with odour 
of peach blossoms; sp. gr. 1.806. U2O dissolves four times ita 
bulk; its solution changes into ammonium oxalate, paracya- 
nogen, &c. Under a pressure of 3.6 atmospheres, liquid. 
Bums with purple flame to CO,, and N, free. By heating 
HgCy, : parucyanogen formed at same time. Also by passing 
air over a mixture of red-hot K^CO,-!- 4C -f- 1^^= 2KCN + 3CO. 
Cyanides. KCy in deliquescent, colourless cubes. Alkaline 
reaction: emits odour of prussic arid. Fuses at red heat. 
KCy is produced when air is passed over a red-hot mixture of 
KjCOj-f C. Also wlien K^ is heated in Cyj or HCy. Also by 
heating a mixture of potassium ferrocvanide with potassium car- 
bonate. Thus : K^FeCye + K^COj-f-* 2C = 3CO -f- Fe -f 6KCy. 
HHfCy colourless, volatile c ubes . Very poisonous. Prepared 
by subliming mixed KCy -i- KH4CI. AgCy white, insoluble in 
dilute nitric acid, very soluble in NH^, and soluble cyanides. 
KCy,AgCy, is very soluble, and used in electro-plating. HgCy, 
in recfcingular prisms, soluble in 8 parts of HjO. Made 
by dissolving HgO in HCy, or from K^FeCy^ by mercuric 
sulphate. Thus : K^FeCy^ -h 3HgS04 = 3HgCy2 -f- 2KJSO44- 
Fe804. AnCy, a lemon-yellow powder, not decomposed even by 
boiling acids. £Cy,AnCy, in solution, much used in electro- 
gilding. PdCyj, yellowish - white, soluble as 2KCy,PdCy2, 
3i:ljO. Cyanogen and Hydbogen. Hydbocyanic acid ECH or 
HCy. Commonly called /)rtt88*c acid. i782,by Scheele. Tlie 
anhydrous acid is a colourless, volatile liquid, of sp. gr. 0.7058 
at 5°C., boiling at 26°.5C. Feebly acid. Odour as of peach- 
blossoms. Very poisonous* When inhaled even in small quan- 
tities, produces headache, giddiness. &c. Antidotes : chlorine, 
water, ammonia, affusion of cold HjO, &c. HCy cannot be pre- 
served in the light ; deposits a black compound containing H, N, 
and C; evolves NH, also. Mixed with HCl, it solidities to 
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NH4CI + HCHOj. KH4CHO, by heat at 2oo°C., into HCy + 
2H2O. Prep. Of ANHYDROUS ACID. Hg0y,+H,8 = Hg84- iHCy. 
The ordinary acid of the Pharmacopceia contains 2 per cent, of 
HCy; best ascertained from AgCy, how much HCy in a solu- 
tion. The acid keeps better when a few drops of HCl are 
a.dded. Prep. a. From bitter almonds, by the action of synap- 
tase upon amygdalin (p. 9?). 17 grains of ahygdalin i^o^r 
H0ii,3H20, dissolved in one ounce of emulsion of sweet almonds, 
would yield i grain of pure HCy. h. 100 grains of H,04H40g, 
44 grains of KC^y and 2 ounces of H,0 will, when decanted, 
yield an acid of required strength. Thus : 'E2CJiflf+ KCy = 
KHC4H40«+ HCy. c. From K4FeCy«,3H20 + hJsO^. Thus : 
K4FeOye+ 3H2SO4 = KFeCy, + 3KHSO44- 3HCy. Tests for 
prussic acid. Volatility ; formation of AgCy ; of Prussian blue 
and ferric sulpho-cyanide. 

Ferro- Ferri- Sulpho-cyanogexL. Ferrooyanides. — Potassium 
FEBBO-GTANIDE 'K^'FeC^^2!H^0. In large lemon- yellow crystals, 
derived from an oetohedron with square base. Soluble in 4 of cold, 
and 2 boiling HjO. Insoluble in alcohol. Not poisonous ; purga- 
tive. A source of HCy. Also of CO. Thus: K4FeCyg+6H20+ 
6H2SO4=2K2SO4+FeSO44-3(NH4)2SO,+6C0. Prep, of the 
salt. a. From dry animal matter, at a red heat in contact with 
fused K2CO3, and iron-iilings. h. From a ferrous salt, mixed 
with a solution of potassium hydrate, super-saturated with HCy. 
Most ferro-cyanides white and insoluble. Clprio OusFeCye is 
red-brown. Chief reactions with iron : a. With a perbous 
SALT, a greenish-wliite compound : K4FeCye H- FeClj = 2KCI 
+ 2(KFeCy,). h. With a fereic salt, Prussian blue: 3K4FeCyj 
-i- 2Fe2Cle = 1 2KCI -f "Fe^Tefiy^^. Prussian blue contains 
iSHjO. Fused with potassium carbonate and charcoal, 
K4FeCyfl is the chief source of KCy. Hydro-ferrocyanio 
ACID H4FeCyA is tetra-basic. In white scales, which become blue 
in air ; into basic Prussian blue, FejOj^FCyCyig-f- HgO. Prep^ 
K4FeC^6-f- 4H01 = 4KCI + H4FeCy6. Ferri-oyanides. Potas- 
sium perbi-oyanide, or red prussiate of potash KjFeCyg or 
KjFcdy. In riglit-rhombic prisms of red colour, soluble in 4 of 
cold HjO, to reddish-green solution. Prep. 2K4FeCye+ Clj = 
2KCI -i- 2K3FeCy8. Febri-cyanides. Reaction on iron most 
impoi-tant. No precipitate with per-salts : a bright blue of 
TurrHmWs him Fe^tFejCy^st^^^O, with Ferrous salts. Thus: 
aKjFeCye + 3FeS64 = 3K^S04 + FegFOaCyu. Hydbo-ferri- 
CYANio acid HsFeCy^, in red unstable crystals, by decomposing 
Pb,2FeCye by 3H2S, and evaporation. [Kitro-prnssides. So- 
DiTM NiTBO-PBUssiDE Na4Fe2CyioK208,4H20 in ruby-red prisms, 
soluble in 2 J of cold HgO. Prep. a. By passing NgO, through 
solution of HYDBO-FERRO-CYANic ACID. Thus : 2H3FeCye -|- NgOj 
= 2HCy + H4Fe2CyioN20a. Hydro - NirRO - pblssic acid in 



96 SULrHO-CYANIDBS. CYANIC ACID. FULlflKIC ACID. 

crystals with iH^O.] Oobalti-eyBxiides. Potassium cobalti- 
CYANIDE KjCoCye in yellowish, flattened prisms, isomorphoas 
with Pottissium ferri-cyanide. Cfhromi-oyanidei. Potassium 
chbomi-cyanide KjCrCye, brownish-red prisms. Platino-cya^ 
Hides. KJhCy^^^iAfi in transparent rhombic prisms. Ka- 
tlni-csranidBS. 'lliey are double salts of the platino-cyanides 
with perchloro-platino-cyanide 6KJPtCy4.K,PtCy4Cl,.21H20.1 

Solpho-cyanides. Potassium sulpho-cyanide KCKS or KGsy, 
in deliquescent prisms, soluble also in CjH^HO. Prep. a. By 
fusing KCy with S. 6. By calcining K^FeCye, with K^CO, 
and 8. NaCsy in the saliYa. Soluble sulpho-cyanides produce 
an intense red colour with ferric salts, bleached by HgCl,, AuCl,, 
and evolving HgS when treated with HCl + Zn. Hydbo- 
8ULPHO-0YANI0 ACID KCSS or HGsy, a liquid of pungent odour ; 
crystallizes at — i3°C. Boils at io2°C.; very poisonous. Frep. 
From HgiGKS by HjS, as an oily fluid. [Mellon C^iz is the 
principal portion of the solid residue, obtained by heating the 
yellow precipitate made by CI in solutions of sulpho-cyanides, 
and supposed to be sulpho-cyanogen. It is tri-basic. Hydbo 
MELLONic acid H,GgII,,. Melam CJB^^ by distilling ammo- 
nium sulpho-cyanide. Boiled with dilute KHO into : mela- 
HiNE G,H«N«, in colourless crystals, and : ammeline G3H5N5O in 
the mother- liquor, insoluble in H-O and CjHaHO. CeH^n 
+H,0 = CaH^N.-h GaH^N.O. 

Ammeline dissolved in H2SO4 and diluted with spirit : Am- 
melid GaHoKgO, precipitates. Ammelid — 2NH,= cyamelx7big 
acid G^HsH^O,.] 

Gyanio, Gyanorie, Tnlminic, and Fnlminnrie Adds. i. Oy^anic 
ACID GlfO or GyO. HGKO is obtained by heating dry oyantjric 
ACID, the polymeride of cyanic acid, to redness : HgCgNjOjr: 
8HGN0. Limpid, colourless fluid, of pungent, penetrating 
odour, like acetic acid. By HjO into (NH4)2C03. Thus : 
2HGN0 4- 3H3O = GO, 4- (KHjjGOs. Spontaneously into solid 
cyamelid. Oyanates. EGKO, crystallizes from alcohol in thin, 
transparent plates. Its solution in HjO, at a boiling heat, 
into ammonium and potassium carbonates. Prep. From EGy 
-f PbO = KOyO + Pb. Ammonium cyanate NHfGyO, is meta- 
meric with urea. When a solution of KOyO is mixed with 
(NH4)2S04 and evaporated, alcohol dissolves out urea. 

2. Cyanuiuo acid HgGsKaOajSHjO, in colourless, oblique rhom- 
bic prisms. Little soluble. Very stable. Prep. From melam 
CgHflN,! in H2SO4, and subsequently boiling with 20 to 30 
parts of HgO, until on addition of NHg, no precipitate falls. 

3. Fulminic acid H2G2K2O2, is not known in a free state. 
Silveb fulminate AggGsKjOs, in white, crystalline plates, 
soluble in 36 of boiling HgO. Explodes violently when heated 
or rubbed. Dangerous. Prep. From a very acid solution of 
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AgNOg, by alcohol and heat. Alcohol oxydized in part to oxfllie 
acid and aldehyde, in part combines as nitrous etlier. 2AgN03 
+N,08+ CaH.HO = 2H,0 + 2HN0a+ AgfijSfi,. Mercuric 
FULMINATE EgCsK^OjiZHsO lesembles the silver salt. Used in 
percussion caps. 4. Fulminurio or isocyanurio acid HCsKjHsOs 
differs only from cyanuric acid by being monobasic, 

Urea, Urio Add, and its produots. Urea GH4N2O or G(NH2)20, 
is a diamine. ]Metamerio with ammonium cyanate. Trans- 
parent, colourless, 4>sided prisms, soluble in i of cold H2O. 
iSaline, cooling taste. At ioo°0., its aqueous solution into NH, 
and (NH^^COj. With CI : OH^NjO + H^O + sCl, = 6HC1+ Nj 
-f CO2. By 2HNO2 = OOj 4- 2N, + 3H2O. In presence of a 
ferment, becomes ammonium caJTbonate (p. 112). Urea is meta- 
meric with carbamide. It is a salt-base. Nitrate CH4N2O, 
HNOs, in shiny scales or rhombic prisms, very little soluble in 
HNO,. By evaporating urine, which contains ? . i per cent, of 
urea, to syrup, and adding its own bulk of HNO,. Urea from 
this nitrate by BaCO,; evaporation and solution in boiling 
CjHsHO, in which Ba2N0, is insoluble. Oxai.ate 2CH4K2O, 
HjCfOf in transparent prisms. Urea from this oxalate by CaCO) 
and evaporation of solution. With mercuric nitrate, urea forms 
three compounds; 2HgO,N20s2CH4N20 ; 3HgO,N205,2CH4N20, 
and 4.HgO.N205,2CH4N20. It also unites with HgO and other 
bases. Uric or lithic acid 'H^C^'EL.JSfii is di-basic. A glisten- 
ing, white powder, very little soluble. H0SO4 dissolves it 
witiiout decomposition. By fufrioa with KjOO, into carbonate 
and cyanate. By heat : into HCy, CyO, COj, (NH4)2CO, and 
a nitrogenized coaly residue. Uric acid a product of the 
organism. Urine contains 0.037 P^r cent. Prep .a. By concen- 
tration of urine and addition of HCl. h. From the excrement 
of serpents, which consists of uric acid and ammonium hydrogen 
urate. Boiled with dilute KHO, filtered, and precipitated by 
HGl. Urates. KKC^B^fi^ soluble in 500 of cold H2O. 
K2G9H2K4O8, in fine needles, soluble in 44 pnrts of cold HjO. 
NaHGaH^NfO, in chalk stones, NaHGjiH2lir403,H20. Ammonrm 
HYDROGEN URATE NH4HG5H2N4O8 soluble in I COO of cold HjO. 
The commonest form of urinary deposit, soluble in hot HjO. 
Also as a calculus. Guano contains much uric acid, and a sub- 
stance called GUANJNE G4H4N4O, a yellow powder, insoluble in 
water, alcohol, and ether. Allantoin G4HeN40„ in the allan- 
toic fluid of foetal calf. Small, brilliant, prismatic crystals, 
soluble in i6o parts of water. Prep. From uric acid and lead 
peroxide : 2H2C5H2N4O, + 2PbO, -f 3H2O = 2PbC204 -f 
2CH4N2O + 2G4H0N4O,. By heat into Allanturic ' acid 
G3H4K2O3 and (NH4)2COs. Alloxan G4H4V203,3H20 in hard, lus- 
trous crystals, very soluble. Also with 3H2O in efflorescent crys- 
tjils. Forms a detp-blue compound with a ferrous salt and an 

It 
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Alkali. Prep, By dissolving uric acid in dilute HNO,. Thus : 
C^H.N.O, + 2H,0 -f HNO, = HNO, + CH^NjO + C^H^HaO,. 
Alloxanic acid HsCfHjKsOs in radiated needles. Mesoxalic 
ACID H,C,0.. Thus C^H^NA 4- H,0 = CH^N^O -f H,C,0,. 
By NH„ thus: C4H4N,0,+ 2NH,— jHjO = Mykomblinic 
ACID KCJUJStfif. Parabanic acid HgCsK^O,, in colourless 
prismn, soluble in H^O, and of acid taste. Prep. a. AUoxan 
C^H.NjO, + HNO, = CO, + HNO, 4- H^O + KfiJSffi,. 
h. Uric acid CsH.NA 4- O, 4- 2H,0 = aCO, + 2NH, + H^C, 
KgO.. Thionuric acid HjC^HsK^O^BO, white, crystalline, 
soluble acid. By heat into uramile VE^C^HJS^Oz or thionuric 
acid — 80s. Prep. Solution of alloxan saturated with SO,, 
neutralized with (NH4)2GO, giv^s ammonium thionurate (NH^), 
C4 H8N,0g,S0,. Then from lead thionurate by HjS. Allox- 
ANTiN CfiJtfij.ZKfi is formed by the action of reducing ageiiti 
upon alloxan. In 4-8ided, oblique rhombic prisms, little soluble. 
Precipitates Ag from solutions. Prep. By HjS through a 
solution of alloxan: 2(C4H,N,O0 + H, = H,0 + CA^^A. 
DiALURic ACID C4H4K,04, al^ formed from alloxan by reducing 
agents and heat C^H^NjO, + H, = H,0 4- C4H4H,04. Dialoric 
nud alloxanic acid are products of the oxydation of barbituric 
ACID 'H^CJS^'Sfi^fi'E^O. In prisms. By Br, into dibrouo- 
BARBiTi Ric ACID G4H,K,Br203. MuREXiDE Or ammonium pur- 
purate OgHgKgOs, in square prisms, ot green metallic lusti-e. 
Prep. From uramile 04H5N,O3 in Hfi, by HgO. Also thus : 
Uramile CJi^^^fi^ + alloxan 04H4N,O5 4- NH, — 2H,0 = 
C^HgHsOg. Murexide is soluble iu KHO to bright purple. 
Murexan in yellowish scab s, by the action of dilute acids upon 
murexide. It is an impure uramile. The formation of murexide, 
by the action of HNO3, upon uric acid, a test for uric acid. 

The Alkaloids or natural organio bases. An obviou.s relation 
between the alkaloids and NH,. They possess an alkaline re> 
Hction, are bitter, little soluble in H,0, and easily in bailing 
alcohol, a Nataral bases destitute of oxygen. Gonix or Conia 
GgEisK = CgH|4,HK in Conium maculatum. An imide base. 
Ck)lourless, volatile, poisonous, oily liquid, of sp. gr. 0.89. 
Oppressive odour. Browns on exposure. Boils at 17 i°C. Alka* 
line ; neutralizes acids. With HNO, a blood-red colour, passing 
into orange. H28O4 purple, then olive. Spartein CijH^K, in 
Spartium scoparium. An oily liquid, boils at 288^0. (The 
plant contains alao 8coPARrN*C,oH,,05.) Nicotin GioHifK, in 
Nicotiana tabacum combined with citric and malic acids. From 
6 to 7 per cent, in Virginia tobacco ; 2 per cent, in Havannah 
and Maryland. Limpid, colourless, oily liquid, irritating, in- 
flaramsible. Very soluble; very poismous. Salt neutral. 
Chlorine produces a blood-red colour witli nicotin. Nicotin 
belongs to the nitrile bases : 0^11. being the equivalent o f 
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3 atoms of H Iq NH,. h. Bases oontaining oxygen. Ginchonik 
C2tiB^4'S20 in quadrilateral prisms. Chieily in Cinchona conda- 
nUnea or pale bark. Insoluble in ether. Fuses at 165^0. 
Salts bitter, and precipitated by tannic acid. Oinchonin sul- 
phate (G2oH24K20)2H2804,2H20 in irregular prisms. C20H24 
NgOjHgSO^jjHjO in large rhombic octohedra. Cinchonidine 
C2oH24K20 id isomeric with cinchonin. Quinia or quinin 
02(,H24]f202,3H20 abundant in Cinchona calisaya, or yellow baik, 
combined with kinic and kino-tannic acids. Asa powder, or in 
silken needles, soluble in 350 of HgO. Soluble in ether. In- 
tensely bitter. A green colour with chlorine water -fNH,. Sul- 
phate (G2oH24N202)2H2S04,7H20 is the di-sulphate of phar- 
mac}'. In snow-white needles. Fluorescent in solution. When 
adulterated with salicin, blood-red by H2SO4. C20H24N2O2, 
H2SO4, very soluble. Quinidin G2oH24K202,2H20 is isomeric 
with quinin. Less soluble in water, and more soluble in ether. 
Aricin or GiNCHOVATiN G23H27N2O4 in a white cinchona bark. 
Strikes a green colour with nitric acid. Alkaloids of opium. 
MoBPHiA or MOBPHIN GnKiJXO^.Kfi constitutes ^ to ^^ of 
opium. In short, rectangular prisms, soluble in 1000 of cold 
and 400 of boiling H2O. Insoluble in ether. Orange-yellow 
with HNOg ; finally H2C2O4. FeaClg a blue colour (if neutral), 
destroyed by excess of acid. Mixed H2SO4 and HNOj green. 
Iodic acid reduced by morphin. Precipitated by tannic acid. 
Morphia hydbochlorate Gi7Hi9K08,HG1,3H20 in silken needles, 
freely soluble in HgO and OaH^O. SuLPHaTB (Gi;Hi9N08)2 
HjSOfjSHsO in prisms. Codein C^^iVOs.ILfi in rhombic 
octohedra, soluble in 80 of cold and 1 7 of boiling H2O. Soluble 
in alcohol and ether. Thebain or pabamobphin G19H21KO, in 
square plates, soluble in HgO, in alcohol and ether. Bed by 
H2SO4. Said to produce tetanic symptoms. Papavebin 
G2;^2i^04 ^^^^ poisonous. Little soluble in cold alcohol. Blue 
by H2SO4. Nabcotin G22H23N07,H20 constitutes 6 to « per 
cent, of opium. Nearly ineoluble in H2O, soluble in alcohol 
and ether. A blood-red colour by mixed H2SO4 and HNO3. 
plECONiN G10H10O4 has no basic properties. In prisms, little 
soluble in cold, tireely in boiling HjO, alcohol, and ether.] 
Nabcgin G23H29NO9, sUken needles soluble in boiling HjO and 
alcohol ; insoluble in ether. H2SO4 red : heated, green. Iodine 
blue. [Meconic acid H3G.HO7 . 3H2O described at p. 79, is the 
acid of opium.] Alkaloids of stryohnos tribe. Stbychnin 
G21H22N2O2 in the beans of Strychnos Ignatii. and in the fruit and 
bark of Strychnos nux vomica, and in the Upas tree. Woorara 
also from one of the tribe. In square prisms and octohedra, 
insoluble in absolute alcohol, ether, and the alkalies. HjO dis- 
solves only ,7jJ55. Soluble in dilute alcohol, chloroform, essential 
oils, &c. Intensely bitter. Yellow by HNO3 »' if Brucia present, 
orange. Witii K2Cr207 + H2SO4 a pur|.le tint. AuClj a brigh 
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blue. In testing for strychnia, precipitate by NH,, and agitate 
with chloroform : all the strychnin will be found in the CHOI,. 
Brucin C23H2eH204.4H20 oblique rhombic prisms, fusible and 
more soluble. Bright red by HNO, ; blue if SnClj be added. 
Obtained from Brueea antidysenterica, or False Angustura bark. 
Igasurin is also contained in nux vomica. Alkaloids of tea, 
ooflEee, and ooooa. Thein or caffein C^'E^f^Sfi^.'Kfiy from 2 to 
4 per cent, in tea, and 1 per cent, in oofiee. Also in mate' and 
guarana. Silken needles of bitter taste soluble in 100 of cold 
HjO. Feeble basic properties. By CI, into amalic acid 
CsH^VjOf, homologous with alluzantin. Cholestrophait 
C5H9K2OS by oxydation of calSein, corresponds to parabanic acid. 
Cafifein-murexid, by treatment of amalic acid with NH,. Theo- 
BROMiN C^HgV^Oj in white crystals, less soluble. It is homologous 
with cafi'ein. Other alkaloids. Atropin GifHjsHO, in Atropa 
belladonna. Silken needles. Produces dilatation of the pupil 
of the eye. Aoonitin C30H47KO7 in Aconitum napeUtu, Forms 
neutral salts. It is very soluble in H^O. Emetin In ipecacuanha, 
PiPERiN Cj^isKO, in pepper. Isomeric with morphin. In 
colourless prisms, nearly insoluble, of acid taste. Fusible at 
ioo°C. PiPERiDiN G^HioHN, oily base of pungent odour. 
Capsioin, Delphinin, Curarin, &c. [Allied to the alkaloids, 
but not poisonous, are : Salioin C^^ifi^ p. 92. Popclin CjoHgzOg. 
2H2O. Phloridzin C2iH240,o.2H20, soluble in boiling H.fi and 
in alcohol. Gentianin C^JI^fi^^ in golden-yellow needles. 
Santonin CisH^gOs, in Artemisia, Asparagin C^RJSIfisfB^O, in 
the marsh-mallow and in asparagus shoots. Transparent, colour- 
less crystals. Intimate relations between malic acid and aspa- 
ragin, C4H8N20„H20 + N2O3 = H2C4H4O5 -f 2N2 -i- 2H2O. 

Organic bases of artificial origin. Assumed that a body of the 
character of ammonium KH4 exists. In its salts i, 2, 3, and 
even 4 atoms of H may be replaced by compound radicals con- 
taining various proportions of G and H, as by ethyl G2H5, 
methyl GH3, and amyl G,,^Hii, so that four different classes of 
compound ammonium-salts may be produced. In the first three 
classes, the change by an alkali is analogous to that of ammo- 
niacal salts generally. The bases thus derived have been dis- 
tinguished as amide bases (primary monamines), imide bases 
(secondary monamines), and nitrile bases (tertiary monamines). 

The following will serve as illustrations : — 

Ammonia type : simple molecule. 

mSiL Ethylamin. Di-ethylamin. Tri-ethylamin. 

( H ' ( (C2H,) ( (G2H.) ( (C2H,) 

N H N H K (C2H,) K (C2H,) 

I H I H I H ( (C2H,) 

Inciuaes metallic derivatives of NH,, the organic monamines, 
and the monamides. 
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Ammonia type : double molecule. 

^^*AmmS^^ Ethyl-dlaniin. Di-ethylamln. Trl-sthylamin. 

I H2 I (C,HJ" I (C,H,)" . ( (CA)" 

N, H, H, I H, N, (C,H,)" N, {CM,)" 

Includes also ureas, and the organic diamides. 

Of the treble moleculea, very few known. A natural alkaloid, 
also referable to a primary, secondary, or tertiary monamine, in 
proportion as it absorbs one, two, or three atoms of ethyl, methyl, 
amyl, &c. Morfhin U a tertiary amine base, in which Gi^Hj^Os 
replaces 3 atoms of H. Godein is also a tertiary monamine. 
CoNiN is a secondary monamine. 

a, Ethylamin NHs^CI^H^. A mobile liquid, of sp. gr. 0.6964. 
Like NH3 towards salts. Prep, a. From ethylamin iodide by 
CaO. a. zCNH^CCaH, )I] + CaO = iCNH,,^ C^H,)] + H^O + 
Cal^. h. C2H5,CNO + 2KH0 = K2OO3 + NH2,C2Ha. Ethyl- 
urea CH3(G2H5)K20, by passing vapour of HCNO into ethvl- 
amin : C,U;N + HCNO = CR^(CJ£L^)JSffi. It is urea in which 
one atom of H is replaced by ethyl. Ethyl-urea is very soluble 
in HgO and G2H5,HO. Boiled with potassium hydrate into 
ammonia and ethyl-amine : CH3(G2Hj)N20 + 2KHO = KjGO, 
+ NHg 4. NH2,G2Hg. Di- ethylamin NHCCgHjg- Golourless 
liquid; boils at 5 7°.5G. Thus: NH2G2H5 + C2H5Br = NH2 
(C2H5)2Br. Tl]en with KHO. With HGNO into di-ethyl-urea 
b[»^{C2Ki)2']0. Tri-ethylamin 1I'(C2H5)3. Colourless, alkaline 
liquid; boils at 9i°C. From di-ethylamin by ethyl bromide. 
Tetrethyl-ammonium hydrate K(G2H5)430. Colourless liquid, 
very alkaline. From iodide N(C2H5)4l by AggO. 6. Methylamin 
"KH^CK^. The most soluble of all gases; i vol. absorbs 1040 
vols, at i2°C. Di-methylamin NH(CH3)2. Tri-methylamin 
K(GH3)3. Tetra - methyl - AMMONIUM hydrate K(C!H3)4H0. 
CJ. Amylamin KKjiC^'Ki^), colourless liquid. &c., &c. Phenyl- 
AMIN or anilin NH2,CeH5 or KOgH, ; oily, colourless liquid, of 
aromatic taste and viuic odour. Boils at i82°G., and distils. 
Sp. gr. 1 .028. Browns in air. The name from Indigof era anil. 
The dye mauve, or anil in-purple, by mixing solutions of potas- 
sium dl-chromate with anilin sulphate. By HNO, into H2O -f 
N2 -f PHENOL GqHqO. Anilin is prepared : i. By heating 
phenol with NHg = HgO + JSTH^iG^'R^). 2. By HjS upon nitro- 
benzene CeH3(N02). Thus : CeH5(NO)2 -h sHjS = 84- 2H2O 
+ NHajGeHj. 3. By KHO upon indigo GgHsKO. Thus : 
C3H3NO + H2O + 4KHO = 2H2 -I- 2K2GO3 + NH2,GeH3. 
BosANiLiN G2oHi9K3,H20 : by oxydizing agents upon aniline. It 
is a triamin capable of uniting with i, 2, and 3 eqs. of acid. 
Acetate Czo'^.^^^C^ILfi^. AnQm + toluidin .C,HgN = 
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rosanilin and H. Thus : NHyC,H, + 2C,H,N = 3H, + 
G„H,^,. Anilm-blue is a triphentl-bosanilin htdroghlo- 
BIDE C^,«]f,(CA)AO* Chbtsaniun C^,^, is yellow. Ni- 
trate insolnble in H,0. Leucanilin G,JS,iH,; is colourless, and 
forms colonrleas salts. Related to indigu. It is prepared by di- 
gesting rosanilin hydrochlorate witii zinc. Gyanilinb CtH^K,. 
NiTBANiLiN CeHfKOs.H^. Homologoiis with aniline are : 
ToLUYLiN C-SgH. Xtltun C,H„N. Cumintlin C^HisK. 
Cnm^TUN CjoHisH. llixed baiM. Ethtl-anilin NECCsHj) 
(C,Hs). Boils at 204^. Di-ethtl-anilin H(C,H5),(G^s}. Boils 
at 213^.50. Methyl ethyl-amylamin H,(GS^(G^5)(C^IIii) 
&c., &c. Folyatomio bases. Ethylene diamine K,(CsHjH4. 
Boils at ii7°G. Di-ethylene diamine V^iCJB^JBL^^ a crystalline- 
solid. Derivatives. Ethylene di-ammonum iodide J^K-Jig 
(CsH^)]!,. Di-ethylene di-ammonit7m iodide [VsH^CC A), )!■... 

Sases obtained by the action of Ammonia upon Volatile Oils. 
FuBFUBiN C,sHi2]r,0, from furfaramide, by the action of Nilj 
upon fubfubol C^Kfi^, a liquid of yellow colour, with the odour 
of oU of Cassia. Thus: 3C5H4O,+2NH3=3H,O+0,aHi;N2O3. 
Amabine or benzoltne C2iH,gK,from HYDBOBENZAMiDEC2,H,gK3; 
is isomeric therewith. FucrsiNE. Thiosinnamine G4H8K^ from 
oil of black mustard. Thus : CjHjCNS + NH, = O4H8NJS or 
Hj(0aH5)N,CS. From it, sinn amine C^H^,, a basic compound. 
Thus : C4H8NJS + HgO = HgS + H,0 + C^HeK,. Sinapolin 

Bases from Aldehyde. Thialdin CeHi,K8,. Alanin CsHtKO, 
from aldehyde-ammonia. Thus: NH^CjH^O + HON + HCl 
+ H^O = NH,C1 + CgHyKOj. 

Destmetive distillation. Bases from Animal Oils. In addi- 
tion to ANILIN KHjiGeHs. PioOLiNE HC^H;, a volatile liquid, of 
sp. gr. 0.955. Boils at 135^0. Retinin or tetbyun KE^jC^'E^. 
Boils at 79^.50. Same composition as butylamin "KR^C^E^. 
Pybedin KC^5. Lutidin KC7H9. Oollidin KCgHj}. Pybbol 
NC4H5. 

Bases from Coal-tar Oil. Besides anilin and pigolin, chinolin 
or leucolin NC9H7 : also by destructive distillation of quinine, &c. 
Lepidin NC10H9, OBYPTiDiN HChHu. Paiafflnt. Methane CH4, 
ethane CsHe, pbopane CsEg, and quabtanb G4H10, are gases. 
Those containiug "20 carbon atoms are more or less solid. 
Paraffin is obtained largely from Boghead and Leeswood cannel, 
and from peat. Consists of a mixture of several of the higher 
members of the series CJ3^+ 2. Some petroleums contain 
ethane and propane, which are given off as gases at ordinary 
temperatures. Kbeasote Cfiifi^ contained in wood smoke, and 
abundantly in heavy oil of beech-tar. Colourless, viscid fluid, of 
pungent taste and odour. Sp. gr. 1 .057. Boils at 203°C. Ab- 
sorbs HaO, Freely soluble in acetic acid, alcohol, ether, &c. 
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Chrysene Ci^|2, pyrene or anthracene C^JBL^^, Both the 
termer from pitch at high temperatures. Oil of ordinary tar, on 
distillation, yields turpentine GioHiq. Most kinds of oil of 
tuTDentine are mixtmres of two or more isomeric or polymeric 
hyarocarbons. 

Snbstances in Coal-tar. Goal-oil is a colourless liquid, lighter 
than HjO : inflammable, and a great solvent of caoutchouc. It 
is a mixture: i. Of yarIous hydrocarbons, as: benzol C^Hg, 

TOLUOL CgHg, XYLOL GgHio, CUMOL C9H12, CYMOL CioH,4, NAPHTHA- 
LIN C10H3 ; in brilliant crystalline plates. Melts at 79^0. ; 
boils and sublimes at 2i2°G. Freely soluble in alcohol and 
ether. JTSulpho-naphthalio acid HC10H7SO3. Chloro-naph- 
THALiN CioHgCl,. With strong nitric acid, naphthalin yields 
CioHyCNOj), CioHgCKOa),, CioHs(N02)8. By the action of ammonium 
sulphide upou nitro-uaphthalin, naphthylamln KOiqH^, a pow- 
erful base. Phthalio acid or naphtha lio acid HjCsH^O^ 
colourless plates, very soluble in alcohol and ether. Distilled 
with 2CaO = 2CaC03 -h CeHg.] Anthracene or para-naph- 
thalin Cj^Hjo; melts at 2i3°C. 2. Op small quantities or 
bases: anilin GeH;K, i'icolin GqHjN, and chinolin G9H7K. 

3. Op AN ACID PORTION. Cousists Of: PHENIC or CARBOLIC ACID 

HGgHjO: (phenol, hydmte of phenyl, or phenylic alcohol,. 
Colourless, deliquescent ciystals. Sp. gr. 1.063. Melts at 
35°0. Boils at 187^0. Coagulates albumen, and is, like 
kreasote, antiseptic. It is the phenyl alcohol of tiie series. 
Anisol GHs.GqHsO is methyl phenate. A liquid. Boils at 
i52°C. SuLPHo-PHENic ACID KCJELfiO^ rescmbles sulpho-vinic 
acid. Phenyl chloride GqH.GI) a heavy oil. Heated with 
NH3 in sealed tubes, phenol yields anilin or phenylamin 
KE2G0H5. Tri-nitrophenic acid HGeH2(N02)80. ALo called 
picric or CARBAZOTic ACID. Prepared from silk, indigo, salitiii, 
&c., by the action of HNOg. Yellow prismi', very soluble in 
alcohol. Kequires 80 parts of HjO for solution : intensely bitter. 
Potas:iium carbazotate requires 260 parts of HjO for solution. 
Chloro-picrin G(K02)Gl3. Liquid of sp. gr. 1.665. Boils at 
ii2°C. Resembles oil of mustard. By distilling CaOCl, with 
piciic acid. Oxyphenic acid GeHgO^. Styphnic acid HjCeH 
(N02)302. Long, yellow prisms ; reddens litmus. By the action 
of HNUj of 1.2, upon certain gum-resins. Astringent 

Situminotis bodies. AsphcUtum is chiefly asphaltene G-oHsjO,. 
It is probably oxydized petrolene G20H32, au oily substance 
which, in mineral tar, holds asphaltene in solution. Mineral 
caoutchouc is found in the coal measures and in a lead mine at 
Oastleton, in Derbyshire. Naphtha or rock oil is a mixture of 
hydro-carbons; go also is petroleum. Three components in 
mineral naphtha : naphtha, boils at 88^0. ; naphthene GgHig, 
boils at ii5°0. ; and naphthol at igo^C 
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Organie oolonzing matten. — ^Indigo, a product of the genus 
Indigofera ; also a constituent of certain urines. Not ready 
formetl, but by oxydation. Blue didioo C^jKO, hydrogenized, 
becomes indiqogen O^H^KO. AltiO by FeHjO,. Thus : 2FeH202 
+ nfi + 2CgHaN0 = FejO^iHjO + jCAJSrO. (Sulph- 

iNDYLic ACID HC^^HSOf. IsATiN CsEsKO, ; yellowish-red 
prisms, easily soluble in boiling H^O and alcohol. Stains the 
skin yellow. Heated with solid KHO, anilin distils : CgH^NOj 
-H 4KH0 = H2+ 2X^00,+ NH„0«Ha. [By CI, indigo into : 

CHLORISATIN CgH^ClNOz, DI-OHLORISATIN C^JCl^O^ TRICHLOR- 

ANiLiN G,^4Cl3K, and trichlorophentc acid HC9H2CI3O. 
HNOg oxydizes indigo, and product-s tri-nitro-phenic acid 
'KC^B^(SO^iO. If the acid be more dilute, nttrophenic acid 
KCfi^OXO^io and di-nitrophenic acid HC«H3(H02)20 are foi-med. 
IsATHYD CgHgHO,, greyish-white, tasteless, insoluble. It is 
hydrogenized isatin. Indin C^JBL^dXfi^' Polymeric with indigo- 
bhie. If indigo boiled with solution of KHO. indi<;ogen and 
1 0TAS8IXJM iSATATE KCgHeHO,, result. Potassium anthraxilate 
KC7H0KO2 by the action of MnO« upon indigo dissolved in 
strong solution of KHO : by heutin<? amthraniuo acid 
HG7H«K02=ANiUN NH2,CeH5+C02.] Litmns, Arohil or Or- 
seiUe, and Cudbear. In RocceUa tincton'aj VarioUiria orcina, 
Lecanora tartarea, &o. Contain various acids which yield 
ORCiN C-HgOsfHsO. Orcin, the true colour-producing body. 
By NH„ into orcein G7H7HO3. Erythric acid C^JBL^fii^, in 
most archil-yielding lichens. Boiled with barium hydrate 
into : 2BaC03 + erythrite CJL^fl^ and orcin liQjKfi^)' 
Orcin, by NH, and O into orcein : 2C7Hg02 + 2NH3 + 36, 
= 4H2O 4- 2(C7H7NOg). [EvERNic ACID CiTHigO; in Evemia 
prunastri; by CaHjOg into : CaC03-f- orcin C^HgOj and ever- 
NESio ACID CgHioOf. Orsellic acid CgHgO^, when archil boiled 
with milk of lime ; by long boiling into CO2-I- orcin CjHgOj. 
Parellig acid H2C2iHi40i„,H20 accompanies lecanoric acid 
Ci^Kifij in Lecanora tartarea and some other lichens.] Cochi- 
neal from Coccus cacti, gives carmine. Colouring matter cab- 
MiNic ACID Ci4Hi40g : with dilute HNOg into nitro-coccusio 
acid H2CgH3(N02)80s,H20. Lao dye is similar to cochineal. 
Madder, from the root oiBuibia tinctorvm, contains a resin : rvbian 
GsgHs^OisO) which yields two colouring matters. Alizarin 
CioH603,2H20, in red prisms. By HNU, into phthalic acid 
H2C8H4O4 and oxalic acid Ufifi^. Rubiacin CigHnOsCI) 
Yellow needles, sparingly tjoluble. Sofflower, from the petals of 
Carthamus tinctorius contains a yellow dye of no value., and 
carthamin C,4Hig07, a red powder. Brazil wood from Cxrnl- 
pinia Braziliemis yields with alcohol brezilin G^J^q'^t ^" 
yellow crystals. N^ ith alkalies, purple. Logwood from Hsema- 
toxylon campechianum, contains hematoxylin OjgHi^OgtSHjO. 
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Yollow 4-Bided needles ; with alkalies and O, red. Used for 
dyeing black with alum. Indian-yellow or Fnrree contains : 
puRREic or EuxANTHic ACID KC^'Rifiii. Sonuijee, from root of 
Morinda dtrifolia, contains a yellow dye, morin CisEgOg. Bhvs 
cotinus, or young Fustic, contains a different yellow dye. 
Saffiron, from Croc^Jts saliva^ contains crocin Q^^fi^ (1) Tur- 
meric, from Curcuma longa, contains curoumin. Annatto, from 
seeds of Bixa ordlana, contains bixin Q^fi-^fi^, Aloes, by treat- 
ment with HNOj, furnish a yellow dye, chrysammio acid 
'KC^(SQ<^fi^, as well as picric acid, and two resinoid acids. 
AflsafiBtida, by treatment with HNOg yields: styphnic acid 
H2CgH(K02)302, a j ellow dye. 

. Albaminoid principles. — Repair tlie muscular and nervouo 
tissues. Soluble and insoluble forms. Destitute of regular 
structure. All contain nitrogen and bulphur. When oxydized, 
furnish compounds of the acetic, butyric, and prussic acid 
group. Eeadily putrefy : synaptase, diastase, and pepsin are 
changing albumen. Albumen djJELxi^^iJS^zi^'B^Oy in the 
uncoagulated form, exists in white of q^%^ blood (6 . 5 per cent.), 
chyle (2 — 4), lymph, and all serous exudations ; in the brain, 
kidneys, liver, pancreas. Soluble in dilute alkalies ; it coagu- 
lates between 6o°0. and 77X. (depending upon degree of con- 
centration). Evaporated below 49°C., a yellowish gum-like 
mass. Precipitated by strong alcohol ; mineral acids ; by meta- 
phosphoric acid : by various metallic salts (hence white of egg 
antidote to HgClj). HCl dissolves it with splendid blue 
colour. Forms definite compounds with the alkalies, excess of 
which prevents coagulation. In eggs i . 5 per cent, of soda ; the 
formula for sodium hydrogen albuminate, in white of eggs, 
according to Lieberkuhn, is KaHC^sHuoKigSOssfHsO. Albu- 
men does not decompose HjOg, nor is its aqueous solution preci- 
pitated by K^FeCyg. In febrile affections, as tilso in Bright s 
distase, in the urine ; in cholera and in dysentery, in the stools. 
Ovalbomen is gradually precipitated when agitated with ether, 
and is scarcely soluble in HNO, ; when injected into a vein, it 
passes unchanged into the urine. It is also precipitated by oil 
of turpentine. Faralbumen, in ovarian cysts, is coagulated by 
boiling, but cannot be filtered. By MgS04, it is not precipi- 
tated in a weakly alkaline solution. A weak sitlution is preci- 
pitated by GOj. Parapeptone or syntonin is insoluble in NaCl, 
but easily in alkaline solutions, and in HCl. Prepared from 
fresh meat, well w^ashed with cold water, and the rei»idue mixed 
with H2O containing ^ of HCl. The filtered liquid is preci- 
pitated by NagCOj, and washed with H^O, filcoliol and ether. 
Also made by dissolving albumen (not ovalbumen) or fibrin 
in strong HCl, and precipitating the filtrate by a double volume 
of water. Myosin is soluble in NaCl and in very dilute HCl ; 
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by heat, and alcohol into coagulated albumen. Globulin or 
CBYBTALLIN, Constituting 12 per cent, of the crystalline lens, and 
viTELLiN in the yolk of an egg (16 per cent.) is identical with 
myosin. Prepnied frcm well-washed flesh by digestion with 
solution of NaCl : the filtered liquid is dropped into much dis- 
tilled water, and the myosin which separates, redissolved in 
solution of NaCl, and re-precipitated. Fibrin, in blood (0.25) 
increased in rheumatism and pneumonia to i and i . 2 per cent. ; 
in lymph (0.04), in chyle (0.07 to 0.7); diminished in ame- 
mia. it is increased by fasting. According to Schmidt, it is 
formed by contact of fibrino-plastic, with fibrinogenous matters. 
FiBRiNOPLASnc MATTEB is chlefly in red blood-globnles, in 
serum, cellular tissue, and the cornea ; fibbindgenous matte u, 
in exudations, in lymph, and in chyle. They resemble myosin. 
When in contact, they form fibrin, especially at the temperature 
of the blood. According to Lehmann, blood-fibrin is transitional 
albumen towards final syntonin. It is more oxydized than 
albumen. Boiled with HCl, fibrin yields leucin C^HisHO,, and 
TTBO6IN GpEiiHO,. Casein is coagulable by acids and by rennet, 
the inner membrane of the fourth stomach of the calf. Readily 
soluble in alkalies, and their carbonates. Prepared from milk 
by treatment with MgS04,7H,0, filtration, washing with solu- 
tion of MgSO^, dissolving the precipitate in water, removing the 
butter by filtration, and precipitation by HC^HjO.. Legomin, in 
pease and beans, is a form of casein. When alouminous sul> 
stances are treated with a solution of KHO, potassium albumi- 
nate is formed. The composition of several albuminoid bodies, 
deducting the ash, is as follows : — 

Albumen. Fibrin. Casein. Syntonio. 

Carbon. . • . 53.5 52.7 53»83 54. i 

Hydrogen • . . 7.0 6,9 7.15 7.3 

Nitrogen . • . 15.5 16.4 15 '65 16. i 

Oxygen . . . 21.5 22.1 22.52 21.4 

Phosphoric acid . 0.9 0.7 — — 

Sulphur ... 1.6 T.2 0.85 i.i 

loo.o joo.o 100.00 100. o 

Amyloid sabstanoe is a coagulated albumen, which is coloured 
reddish by iodine, and violet by sulphuric acid and iodine. 
Peptone, in the stomach and small intestines, is boluble in water, 
insoluble in alcohol and ether, and is not precipitated either by 
acids or alkalies. • It is formed by the gastric juice from all 
albuminoid substances. 
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Oelatigenous Frinoiples, including BonOi Teeth, Hair, Kails, ftc. 

They contain more N, and less and 8 than the ulbaminoul 
group, and are only met with in animals. Gelatin and Chon- 
DUIN are not ready-formed, but result from the action of boiling 
water upon the gelatigenous or chondrin-producing tissues. 
Ctelatin is obtained from the white fibrous tissue, the cellular 
tissue, the skin, bones, and the serous membranes, by boiling 
with water. Size from parchment, glue from bones, and isinglass 
from the floating bladder of sturgeons, are more or less pure 
gelatin. It softens and swells in cold water, and dissolves on 
heating. Insoluble in alcohol and ether, jjg proiluces a jelly 
with water. From its solution in HOgHjOj, it is not precipi- 
tated by K^Cfy. By tannin, as tanno-gelatin, the basis of 
leather. Also precipitated by HgCI,. By CI also completely 
precipitated. By strong alkaline solutions, on boiling, NH, is 
evolved, lbccin OgHisVOs, and tyrosin C^HnNOa, being formed. 
Gelatin consists of: G 50.4, H6.64, H 18.34, and S 24.62 
per cent. Chondiin is coagulated by vegetable acids, lead 
acetates, and alum solution. When cartilage becomes ossified, 
it yields gelatin, and not chondrin. Prep. By boiling the cornea, 
or permanent cartilages for some hours with water. Composi- 
tion : G 49.97, H 6.63, N 14.44, 28.58, and 8 0.38. Homy 
matter: elastin. Yellow when moist, extensible, becomes 
brittle on drying. Insoluble in water, NHg, HCaHjO,, or 
C2H5HO. Dissolved and decomposed by strong solution of 
KHO. Leucine is formed when it is boiled with sulphuric acid. 
Prep. By boiling the Ligamentum nuchsB of cattle with alcohol, 
ether, water, HCgHgOg, and dilute solution of Sodium hydrate. 
The skin contains, in addition to elastin, a substance largely 
yielding gelatin when boiled with water. White fibrous tissue 
gelatinizes on boiling : yellow fibroos tissue does not. In hair, 
from 3 to 5 per cent, of S; the colours vary with the colours of 
the animal oils. SiO, in hair and in the feathers of birds. Silk 
consists of SILK-GELATIN ^^^fi^fi^^, soluble in water (33 per 
cent.) and sebioin G,oH4eHioO,2. B'ibroik is analogous to sericin, 
and constitutes the organic matter of sponges. Chitin 
Ci^HjsKjOh, constitutes the skeleton of insects. When pure, it is 
white, soluble in HNO, and in HCl. Prep. By boiling the elytra 
of cockchafers in HjO, in CjH^HO, in HCgHjOg, C4H10O, and 
KHO, in succession. Yields glucose when dissolved in H2SO4. 
Bones consist of organic matter called ossein, which yields gelatin 
on boiling, and is rendered stiff by oalcitm obtho-fhosphate 
Ca32P04 (53 per cent, or more), calcium cabbonate GaGO, ( i i . 3 per 
cent* iu human bones), magnesium phosphate Mg'HP04 (i . 16 per 
cent.), SODIUM oxide and chlobide, and a distinct trace of 
CALCIUM fluouide GaF,. The teeth are more solid and compact 
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BONE, but contain less organic matter. Enamel of teeth contains 
from 8 1-88 per cent of 0a32P04 and from 7-8 per cent, of CaCO,, 
with more CaF, than bones : animal matter 2-3 per cent. 

[Glycocin, gklatin-sugab or glyco ooll C2H5KO2, may be 
considered aa amid-acetic acid HG2H2(5E2)02. Obtained by 
boiling gelatin with solution of KHO ; leucine, glycocine, and 
ammonia are formed. Hifpubic acid HCgH^NO, + Hfi = ben- 
zoic ACID HO,H,00 4- GLYCOCINE GjH^NO,. It is easily soluble 
in H3O, combines with acids, and forms salts by substituting 
another metal for H. By HNOj info glycolic acid or oxt- 
ACETic ACID C2H3CH0)02 -f HjO 4- N,. Glycolic acid, the 
homologue of lactic acid. Sabkosin Cjkj'EOtt is methyl-gltco- 
dNE C^4(CH,)N02. Isomeric with alanin. Prep. By boiling 
kreatin with solution of Barium hydrate. Colourless rhombic 
prisms ; forms soluble salts with acids. Kbeatin C^'H^'Sfi^t^Kfi, 
from juice of raw meat (5 grs. per lb.), and in minute quanti- 
ties in the urine. Colourless, oblique prisms, soluble in 75 parts 
of cold H2O. Scarcely soluble in alcohol and ether. It is a 
neutral body. By boiling with alkalies, +HjO, into urea 
0H4N,0 and sarkosin C^HyNOj. Kreatinin G4H7K3O, is in 
minute quantities in flesh, and the urine. By boiling kreatin 
with mineral acids, it loses a molecule of HjO, and becomes 
kreatinin. Colourless prisms with strong alkaline reaction : 
forms salts. Soluble in 12 of H^O. Inosite or MrscLE-scGAit 
CeHi205,2H20 a variety of glucose, occurring in muscular sub- 
stance of the heart, &c., in the unripe seed of Phaseolus vulgaris^ 
and other plants. Colourless prisms, anhydrous below ioo°0. 
Sweet taste. Does not reduce cupric salts in presence of KHO. 
Inosinic acid H2C|oH,2K40ii, a syrupy liquid not soluble in 
C2H.HO. In mother-liquor from flesh, from which the kreatin 
has been deposited.] 

Blood. The source of all nutriment and all secretions. Tlie 
heat connected with the activity of the respiratory process. 
36.°6C., in man, 42 .°8 C, in birds. In mamraifera and bird:), 
two kinds of blood : arterial and venous. The fibrin of venous 
blood is soluble in solution of KNO,, and more prone to oxydize. 
Sp. gr. from 1.053 to i.o5 7. AlKaline reaction, from Sodium 
hydrogen albuminate and from Sodium carbonate and pliosphtite. 
Peculiar odour or halitus, more developed by H2SO4. Coagu- 
lates spontaneously into crassamentum or clot (13 to 14 per cent.) 
and serum or liquor sanguinis— B.n alkaline, highly-albuminous, 
straw-coloured liquid of sp. gr. 1.027 to 1.029, coagulating a-t 
77°C. Coagulation traced to the action of fibrino-plastic and 
fibrinogenous substances : by strong agitation, no coagulation, as 
the fibrin separates in coherent filaments. Under the micro- 
scope, the blood seen to be a liquid, in which a multitude of little, 
round, red discs float : these tne blood-discs or red blood-cor- 
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FU8GLES (3^" in diameter and -j^l^" in thickness), accompanied 
by colourless globules, larger and fewer ; the white corpuscles 
ijkii")' The corpuscles consist of an envelope containing a fluid 
in which the red colouring matter of the blood is dissolved. 

The chief part of the red globules consists of haematoglobin. 
Also called haematocbystallin. Usually amorphous : but in 
tetrahedra in the guiuea-pig ; long 4-sided prisms, in dogs and 
cats ; 6-8ided tables, in the squirrel ; and 4- to 6-sided rhombic 
tables, in the goose. With difBculty soluble in water. When 
heated to 80*^0. for some time, haemaglobin breaks up into 
HAEMATiN C^JELi^JSi^e^O^^, and coagulated albumen. Haema- 
globin from arterial blood, is found by spectrum analysis to 
differ from that of venous, owing to the union of in the arteries 
(oxy-haemaolgbin), and its loss in the veins. [Haematin 
HYDBOCHLOBATE G9eHi„2Hi2Feg0ig,2HCIl. Tcichmann's haemin 
crystals.] Haemaglobin contains 0.7 per cent, of S, 0.42 Ve, 
7.2 H, 16 of K, 21.5 0, and 54.2 of C. Blood consists of: 
water 78 to 78.5 per cent., albumen 6 . 5 to 7, fibrin 0.02 to 0.03, 
col^ouring matter 1.19 to 1.33, cholesterin, serolin, a saponified 
,andaphosphorized fat 0.037 to 0.066, sodium albuminate 0.C12 
to 0^02 per cent., salts and loss, the rest. ■ 

Hilk. Sp. gr. from 1.018 to 1.045. -^ transparent fluid, in 
which float transparent globules .of fat, surrounded by an albu- 
minous envelope, which is broken in churning. The following 
table comprises various kinds of milk : — 

■ ^ Woman. Ass. Cow. Sheep. Goat. 

Water. . .i '.' . . 88.6 90.5 87.4 85.6 82.0 

Butter . .^ ... 2.6 1.4 4.0 4.5 4.5 

Lactin and soluble salts. 4.9 6.4 5.0 4.2 45 

Casein and insoluble salts 3.9 1.7 3.6 5.7 9.0 

100. o 100. o 100. o 100. o 100. o 



Sd CT varies / ^°^ • .1.030 1.023 1.030 i.o35\ i o?6 
op. gr, vanes j ^^ . .1.034 1.035 i-035 1.041J '^^ 

Components of the Brain. Besides 80 per cent, of water and 
7 per cent, of uncoagulated albumen, protagon is the chief con- 
stituent of nervous substance, and occurs also in white blood 
cells, in pus cells, in oil of eggs, &c. In fine needles, almost in- 
soluble in ether, easily in warm spirit of wine. Swells up in 
water like a decoction of starch. Boiled with solution of Barium 
hydrate, decomposed into glycerin, phosphoric acid, stearic acid, 
and a non-nitrogenized acid. fBy boiling protagon continuously 
with solution of BaHjOg, neubin CJELi^'SO is obtained.] Chole- 
sterin G26H44O. Is also found in the brain and nerves, as in bile 
and blood. Chief constituent of gall stones. See Bile, p. iii . 
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Beeretloiis and ezeretioni. Muens, a tough, viscid fluid. 
Always contains epithelium and mucous cells. Mucin is the 
nitrogenized principle. It is not coagulated by boiling, nor pre- 
cipitated by HgCl,, K4Cfy, or PbiC^HjOj. It is precipitated by 
acetic acid, and hence obtained from saliva. Saliva contains 
about I per cent, of solid matter. Has an alkaline reaction^ and 
contains, besides epithelial particles and mucin, prrAUN, which 
rapidly changes starch into sugar, sodium sulpbocyanide, NaCl, 
and Calcium phosphate and lactate. The gastric juioe is a clear, 
colourless liquid, of sp. gr. 1.002. Acid reaction : contains E(3, 
HCsHgO,, HCsHgO,, HC4E7O2, and HOjEsO,. It dissolves albti- 
minoid substances, and changes them into peptones. Pepsin 
(0.319 per cent, in man) is the chief albuminous substance; 
OSMAZOME is another, but insoluble in water. Pepsin resembh s 
mucin, and is precipitated by PbiOgHjO, and by O2H5HO ; 
also by any granular precipitate. Starch is no longer changed 
into sugar, when it hus passed from the saliva into the acid 
gastric juice. The pancreatic fluid is strongly alkaline, of sp. gr. 
I .oc8, containing 9 per cent, of solid constituents. It contains 
I per cent, of ash (chlorides and phosphates), an albuminous 
substance resembling ftyalin, besides leucin, ouanin, xanthin, 
and iNOSiTE. Coagulated albumen is dissolved, fat changed into 
glycerin and fatty acid (at 35^C.), and starch into sugar, by the 
pancreatic fluid. Chyle is tiie fluid of the lacteals ; feebly alka- 
line and milky. Coagulum smaller and weaker than that from 
blood. Its fibrin soon begins to coagulate when taken from the 
vessels : the milkiness is due to the very minute particles of fatty 
matters. Lymph is the fluid from the lymphatics. Colourless, 
alkaline, and coagulates in from 4-20 minutes. It resembles 
blood without the red blood-globules, and contains much less 
albumen and fat. Ezsudatlon fluid, from serous membranes and 
cellular tissue, is chiefly serum, with or without fibrin. Pus, a 
creamy or yellowish fluid, the secretion of wounded sur&ces, is 
neutral, and consists of minute fatty globules floating in a serum. 
The pus serum contains, besides albumen, ptin, at least in 
abuortnal pus : this latter is precipitated by HgOlg, and by 
Pb2C2H802. Pus globules are distended by very dilute acids 
and imperfectly dissolved by alkalies, leaving an albuminous 
cell-membrane. Bile is secreted from venous blood by the liver. 
A greenish, viscid fluid, which darkens on exposure to the air. 
It is alkaline, of disagreeable odour, freely miscible with water, 
and of bitter taste. Evaporated at loo^C, and treated witii 
nlcoliol, the chief portion leaving a fhick jelly of mi cus from the 
gall-bladder. The alcoholic solution conlains colouring matteb 
and CHOI ESTERiN. The colouring matter may be removed by 
treatment with charcoal : on evaporation to dryness, cholesterin 
is dissylved and removed by ether. Pure bile resembles gum. 
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nnd is very soluble in water and in alcohol ; 2PbO,Pb202Hj02 
precipitates it completely. On incineration, bile leaves about 
1 1 per cent, of ash, consisting of sodium carbonate, with a little 
NaCl, and alkaline phosphate. In addition to chokesterin, bile 
consists mainly of a mixture of sodium salts of qlycocholio and 
TAURO-CHOLio ACIDS. Humau bile consists of: water 82-90 per 
cent. ; glyco- and tauro-cholalates 1 7 . 7 to 9 . 2 per cent. ; fat and 
cholesterin 4.7 to 4 per cent.; mucus and colouring matter 2.4 
to 1 .5 per cent. ; and ash 1. 1 to 0.6 per cent. i. Cholesterin 
CjeH^sHO, a fatty substance, insoluble in water, freely soluble in 
hot spirit, and in ether, crystallizing in pearl-white rhomboidal 
Hakes. It is the chief ingredient ot (eall-stones, and is largelv 
contained in fatty degeneration of ttie liver. [Heated with 
H2SO4 into H2O and CjeH^. Heated at 2oo°C. with KC^^^fi^ 

into CHOLESTERYL 8TEARATE Q^J^^fiyC^^fl + H,0.] 2. GlYCO- 

CHOLic ACID CaeH^^Og, in fine white needles, of bitterish-sweet 
taste, soluble in HjO and in O2H5HO, with strong acid reaction. 
It is prepared from the sodium salt by H2SO4. [When boiled 
with solution of KHO (+ HjO,, into cholic acid C24H40O5 and 
glycocin C2H5KO2. By H2SO4 into choloidic acid G24H3^04 
(cholic acid - HjO), and glycocine : if the boiling be longer 
continued, into dyslysin C^^K^fi^. 3. Tacro-cholio acid 
C26H45KSO7. After precipitation of lead glycocholate by 
Pb2C2H802, lend taurocholate is thrown down by 2PbO, 
Pb2C2H302, and the acid obtained by H2S. When boiled witli 
alkalies (-f- H2O). into taurin 02H;KS0, and cholic acid 
C24H4o05. [Tacrin CgH^KSO,, in colourless, hexagonal prism;*, 
neutml, tasteless, inodorous. Contains 25 per cent, of S. Prep. 
By long boihngof bile with HCl. Artificially: i. By heating 

AMMONIUM ISETHIONATE C2Ha(NH4)S04 at 2IO°C. iuto I HjO -f 

CjHrKSOs. 2. From chlorethyi^ulphuric acid CjHjClSOj by 
digestion at ioo°C. with 2NH, = NH4CI + C2H,N80,. Cholic 
ACID C24H4oOa, in tetrahedra. Soluble in H2SO4 : on addition of 
a drop of H2SO4 and a solution of sugar (i to 4 of water), a 
purple colour is produced (Pettenkofer's test). At i85°C. it 
lodCS H2O, as already stated. j 4. Colouring matters. Ohole- 
PYRRHiN, reddish-brown, uncrystallizable, insoluble in HjO, more 
sol. in ulcohol. By HNO„ green, blue, violet, and red; at last, 
yellow. The amide of biliverdin, which alwunds in the hile of 
Herbivora. Bilifuscin Gi0H2oN.^O4, the chief colouring-matter 
of human bile, is brown. Bilirubin GieHisKjO,, is red, and acid. 
The bile of pigs contains glyco-hyocholic acid G27H43KO5. With 
a molecule of water into : hyochouc acid €24114^04 -H glycocin 
G2H5KO2. Contains a little tauro-hyooholic acid C27H45KS0e. 
The Bezoar 'Stones of certain goats contain litho-fellic acid 
HG20H33O4, resembling cholesterin. 
The urine. — From arterial blood by the kidneys. Average 
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Bp. gr. 1. 02. The quantity passed by an adult from 40 to 50 
ounces per day. Amber-coloured, of slight acid reaction, and 
peculiar odour. It soon begins to putrefy, and becomes alka- 
line from the conversion of urea CH4H2O + 2H2O into ammo- 
nium CARBONATE (NH4)2CO, : the mucus of the bladder acts as 
a ferment. Besides water 95.680 per cent, and urea 1.420, 
the urine contains muous 0.016, uric acid H2C5H2K4O,, 0.037, 

ALCOHOLIC EXTRACT 1. 2 5 3, AQUEOUS EXTRACT O.25O, SODIUM 
CHLORIDE 0.722, PHOSPHATES, SULPHATES, &C., O.613 per Cent. 

The COLOURINO matters according to Dr. Schunck, are of two 
kinds. The most important one is dark-yellow, amorphous, deli- 
(juescent, soluble in water, alcohol, and ether. Composition : 
CfsH^iKOge. At a boiling temperature, into a brown resia and 
a volatile acid. A second extractive matter insoluble in ether, 
has a composition C^^jVOi^, Purpurin or uro-erythrin, which 
gives the pink colour to the urates, is formed when bile secretion 
is diminislied. Indican Cj^Hgi^^ir ^^ ^^^ sometimes present in 
the urine ; after fermentation, or addition of acids, the urine 
sometimes deposits indigo blue GgHsNO, or its isomer indiru- 
BiN. Indican + 2HjO = CgHgNO 4- indiglucin l(OtH.ifi^). 
Amongst the " extracts *' we find minute quantities of kreatin and 
kreatinin, of acids homologous with carbolic and oleic, and traces 
of hippuric acid. The urine is the cliief outlet of the eifete 
nitrogenized tissues. Lehmann secreted 821 grains of urea, 
and 21.6 grains of uric acid, per 24 hours on an animal diet ; 
on a v^etable diet, 348 grains of urea, and 15 .4 grains of uric 
acid. Sulphates in the urine increase greatly with animal food. 
All alkaline salts of vegetable acids, taken as such into the 
stomach, are voided as carbonates. The urine of the curuivora 
is rich in urea, with but little uric acid : that of herbivora also 
contains much urea, but hippuric acid HCgHgNO,. in place of 
uric acid. Hippuric acid is benzoyl-glycocin KC^K^i.Oj'Rfi) 
VO2. From the fresh urine of cows, it U obtained by boiling 
for a few minutes with milk of lime, straining off the phosphates 
and excess of CaHjO,, neutrallziug with HCl, and reducing the 
liquor by heat to \ its bulk. On addition of much HCl, hip- 
puric acid crystallizes on cooling in transparent needles, soluble 
in 600 of water. By long boiling, the hippuric acid of the 
herbivora, into benzoic a.cid and glycocin : HCgHgNOgH- H^O = 
HO7H5OO -f CjHaNOg. Benzoic acid when taken, is voided as 
hippuric acid. The deposit, so common in urine, of a pink sub- 
stance, consists of coloured amorphous urates aolvble in hot water. 
Jn herbivorous animals, the urine is often alkaline and turbid 
from Calcium and Magnesium carbonates and phosphates. 

In certain diseases, albumen is found in the urine It is 
detected on addition of HNO,, which causes a white cloud, which 
IS permanent when boiled; or, on acidulation with HC^HjO, 
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by HgClj. (Mere turbidity on boiling may arise from phos- 
phates ; a drop of HNOj, would then re-dissolve the precipitate. 
In diabetes, the urine contains much glucose. Even in healthy 
urine, a distinct trace. In some cases i^ lb., excreted in 24 hours. 
Much diminished by animal diet and by opium. Best tests are 
Trommer's and Fermentation. The chief calculi are: i. Uric 
ACID H2O5H2K4O3. Brownish-red or fawn-coloured. Generally 
of concentric laminae. Heated to redness, emits an animal 
odour, carbonizes, and is almost entirely, or entirely consumed. 
It is soluble in KHO on boiling, and precipitated by HCl as a 
whit© powder. Heated with HNO3, it is dissolved with efiier- 
vescence, leaving a red residue, rendered crimson or pink by 
NHg, and purple by KHO. 2 . Ammonium urate NH4HC JH2K4O3, 
is more rare. It is clay-coloured and smooth, and deposited in 
fine concentric layers. It dissolves in KHO with evolution of 
NH,; otherwise like H2O5H2N4O,. 3. Oalcium oxalate GaG204. 
Also mulberry cdkulvs, from its sometimes even blood-red colour. 
Very dense and hard ; deeply tuberculated and rough. When 
heated, it darkens, diminishes but little in quantity, and leaves 
a white or grey ash which effervesces on addition of acid, and is 
not precipitated by NH,. Not soluble in HC2H3O2. 4- Cal- 
cium ortho-phosphate Ga32P04, pale-brown, smooth, laminated : 
very rare. Infusible before the blowpipe flame. Soluble in 
HCl and precipitated by NH3. Ammonium magnesium phos- 
phate NH4MgP04. Or triple 'phosphate. White, brittle, more 
or less crystalline ; surface uneven. Seldom laminated. Fuses 
with difficulty ; not blackening when heated, nor diminishing 
much in quantity. Heated with KHO, evolves NH3. Dissolves in 
HOI without effervescence, and is precipitated by NH3, as white, 
crystalline, NH4MgP04,6H20. Fusible calculus is a mixture 
of the two former. In white, friable masses, rarely laminated. 
It fuses readily before the blowpipe flame. Xanthio oxide 
CJH4K4O2. Pale brown, polished, lamellar in structure. Very 
rare. Soluble in KHO, and precipitated on neutralization as a 
white powder, insoluble in water, alcohol, and ether. Soluble 
in HNO,, without eftervescence, and leaves on evaporation a 
lemon-yellow residue. With HgO, it forms an insoluble com- 
pound. [Hypoxanthin CJH4N4O, in the spleen of man, and of 
the cow, and in the thyroid and thymus glands. It is white, 
and soluble in HCl.] Cystin or cystic oxide, CgHeNSOj. Semi- 
transparent, brownish, crystalline. Insoluble in water, alcohol, 
and ether, but is soluble in HCl, H2SO4, and HJFO4. Freely 
soluble in alkalies and their carbonates From spontaneous 
evaporation of its solution in NH3, in hexagonal plates. Emits 
a foetid odour on heating. 

In the urine of dogs, kynurenic acid. Light, silken, colour- 
less needles, insoluble in water, alcohol, and ether. 

I 
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The solid exorementi or ftBoei contain about f water, the rest 
consulting of biliary matter and alimentary debris. AccordiDg 
to Liebig, about 5^ oz. are excreted in 24 hours by a healthy 
adult. The odour is the more <li8gu>ting as the quantity of 
bile diminishes. Dr. Marcet hns discovered excbetin G^gHj^^SOs, 
a perulitir crystalliza>>le principle : it is feebly alkaline, fuses at 
94^C., and is insoluble in HjO. 

BespiratioiL. In an ordinary expiration from 30 to 43 cubic 
inches of air are exhaled : the number of respirations in a healthy 
adult averages from 14 to i^ per minute. The proportion of 
OOg, exhaled, to the inhaled, is much greater in the day than 
in "the night ; with perfect rest day and night, nearly twice as 
much ; with active motion during the day, nearly three times as 
much. The respiratory process is most active in spring. The 
quantity of COj, is very variable, from 3 . 5 to 6 per cent. ; some- 
what less of CO2, is evolved than of O inspired. 8.5 oz. of C are 
respired as CO,. Birds evolve of CO,, half as much again as the 
Mammalia do. The average quantity of H^O evolved as vapour 
is I lb. from the lungs, and i^ lb. from the skin. 



APPENDIX. 

Therapeutics and Doees of the Chief Chemioal Preparations 

in the * Materia Medioa.' 

Extracted from Qarrods * Materia Medica,* 
by H, B, DonkiUf Esq,, B.A.^ Oxon. 



Aluminnm. AL 
Alum. NH4Al2(S04)£2H20. Acts as an astringent, with 
direct, and, after absorption, indirect action. Dose : from lo 
to 20 grs. As a purgative, in doses from 30 to 60 grs. 

Ammonium. KH4. 

Liquor AMMONLffli. NH4HO. sp. gr. = '959. A stimulant to 
the ganglionic and spinal systems. Given in syncope, 
typhoid fever, and low states of the system generally. 
Dose : from 10 to 30 min. Used also as an antidote to 
poisoning from prussic acid, digitalis, tobacco, &c. 

Ammonls Phosphas v. Phosphorus. 

Ammonias Bbomidum v. Bromine. 

Antimony. Sb. 

Antimonium TABTABATUM,or Tartar Emetic. KSb04H4O7.H2O . 
Given as a diaphoretic, expectorant, &c. ; from -^ gr. to 
^ gr. ; as a vascular sedative, J gr. to 2 grs. ; as an emetic, 
from I gr. to 3 grs. 

Antimonii Oxidum. SbjO,. Similar in its effects to pre- 
ceding, but less likely to cause local irritation. Dose: 
from I gr. to 5 grs. 

Argentum, Ag. 

Abgenti nitras. AgNOg. Used externally as a caustic ; 
internally, as an alterative and astringent to the mucous 
membrane of the stomach and intestines. Acts also as a 
nervine tonic. Dose : from ^ gr. to J gr. in a pill. 

Arsenicum. As. 

AoTDOf AB8EN10SVM. An alterative and tonic in diseases of 
the skin and nervous system. Acts as an anti-periodic in 
agues and neuralgic affections ; also in chorea and epilepsy. 
Dose , from ^i; to ^ gr. Of the liquor arseniccdis, 2 min. to 
3 min., or even 10 min. 

SoDiB ABSENiAs. Similar to preceding, but less liable to pro- 
duce irritation. Dose : from •[*} to J gr. Of the liquor mdss 
araenicalis, 5 to 10 min. 

K 
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Atropia. Ci^H^HO,. 

An alkaloid prepared from the root of Atropa Belladonna. 

Given internally in Extradum BeUadonruB in doees from J gr. 
to I gr., and in Tinctura BeUadonnsa in doees from 5 min. 
to 30 min., for the purpose of allaying pain and spasm in 
neuralgic affections, colic, &c., and spasms of the different 
sphincters ; also in nervous coughs. Externally, the prepa- 
rations of belladonna are used as pupil-dilators in ophthalmic 
cases. 

Benzoio Add. 'K(i^'Rfi^. 

Used to stimulate the mucous membrane of the bladder, and 
to produce an alterative effect in cases of chronic inflam- 
mation of that organ. Dose : from 10 grs. to 15 grs. 

Ammonls Benzoas. NH4O7H4O2. Same in effect as pre- 
ceding, but more convenient, being more soluble. Dose: 
from 10 grs. to 20 grs. 

BiBmuth. Bi. 
BiSMUTHi SrBNiTRAS. BiN04.H20. A direct sedative to the 
mucous membrane of the stomach and intestines. It is 
employed in irritative forms of dyspepsia, with pjrrosis; 
and in chronic vomiting. Dose : uom 5 grs. to 20 grs. in 
powder. 

Bromine. Br. 

AMMONiiE Bromidum. NH4Br. Dose : from 2 grs. to 20 grs. 
Similar in its action to ^ 

PoTASsn Bromidum, KBr, which is given (i) as an alterati^, 
especially in skin affections connected with syphilis ; (2) in 
diseases of the nervous system, e.g., as a soporific ; in chorea 
and epilepsy ; and as an anaphrodisiac. Dose : from 5 grs. 
to 30 grs. 

Caloinm. Ca. 

Liquor oalcis. Acts as an antacid on the intestinal canal, 
blood, and secretions ; also as an astringent, being given in 
diarrhoea connected with acidity. Dose : from \ fl. oz. to 
2 fl. oz., or more. 

MlSTUIU CRETiE. I fl. OZ. tO 2 fl. OZ. 

Camphor. C^^^fi, 

A concrete volatile oil, prepared from the wood of Caraphora 
officinarum. Used in mania and melancholia as a calm- 
ative ; as an antiypasmodic in hysterical and other nervous 
affections ; as a sedative in dysmenorrhcea ; and in febrile 
conditions as a diaphoretic. Doee : from i gr. to lo grs. 

Aqua Camphorjb. Dose : i fl. oz to 2 fl. oz. 

Spiritus CAMPHORiK. Dose : from 10 min. to 30 min. 
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Carbolic Acid. HCgHsO. 

Used externally as a stimulant, and even escharotic. It pos- 
sesses also powerful antiseptic qualities. Internally it is 
used in some forms of gastric irritation connected with 
vomiting. 

As an external application to ulcers, &c. : i part of the acid to 
7 or 8 of H2O. Given internally, in doses from i to 3 grs. 

Chlorine. CI. 
Used as a stimulant in cases of phthisis and bronchitis. 
Also as LiQUOB Ohlori, as a gargle in various diseases of the 
mouth, as ptyalism, cancrum oris. Dose: from 10 min. to 
30 min. freely diluted. 

Ginohonine. C^qH^JS^O. 
One of the alkaloids contained in the bark of the Cinchonas. 
See Quinine. 

Citric Acid. TLfiQTLfij.ILfi, 

Acts as a refrigerant, and allays irritation of the skin. Dose : 
from 10 grs. to 30 grs., or more. 

Conia. CgHi^N. 

A liquid volatile alkaloid, contained in the leaves, &c., of 
Conium maculatum. Acts as a direct sedative, especially on 
the spinal cord. Used to allay cough in bronchitis, per- 
tussis, and phthisis. 
Dose : of the extract, 2 grs. to 6 grs. ; 

of the compound pill, 5 grs. to 10 grs. ; 
of the succus conii, 30 min. to i fl. drm. ; 
of the tincture, 20 min. to i fl. drm. 

Cupnun. Cu. 
OcPRi SULPHAS. CUSO4. An astringent in cases of diarrhoea 
and dybcntery, a tonic in chorea and epilepsy. Dose : J gr. 
to 2 grs. 

Fermm. Fe. 
Iron salts are given largely as hsematinics ; they have also a 
direct influence on the nervous system ; e. g., in chorea, neu- 
ralgia, and epilepsy. Most of the preparations of iron are 
astringent, and are used in passivp hsBmorrhages and 
mucous discharges. 
Dose : of the Vinum Febbi, from i fl. drm. to 2 fl. drms. ; 

of the Ferri Carbonas Sacchabata, which is non- 
astringent, from 5 grs. to 20 grs., or more ; 
of the Febbi Iodidum, from i gr. to 5 grs. ; 
N.B. — This drug combines the properties of Fe and 
I. It is given in scrofula, phthisis, rheumatoid 
arthritis, syphilis combined with cachexia : 
of the Febbi Sulphas, from i gr. to 5 grs. ; 
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Dose : of the Febbi Phosphas, from 5 grs. to 10 grs. ; 

of the Ferbi et AMMONiiB CiTEAS, from 5 grs. to 

10 grs. ; 
of the Febbi et Quinls gitbas, from 5 grs. to 10 grs. 

Oallio Acid. H3G7H3OS.H2O. 

Acts as an astringent, both directly, and remotely, after ab- 
sorption. 
Dose : from 3 grs. to 20 grs. 

Hydraz^ruxiL Hg. 

Acts as a sialagogue, cholagogue, diuretic, and emmenagogne. 
Given in acute inflammation (esp . iritis), rheumatism, drop- 
sies, and syphilis. 

Hydbargybi Subchloeidum, or Calomel. HggCIj. As a pur- 
gative, from 2 grs. to 5 grs. ; 
To affect the system, J gr. to i gr., frequently repeated ; 
Of the compound pill, as an alterative, 5 grs. to 10 grs. 

Htdbabgybi Peechlobidum. HgClg. As an alterative in 
chronic affections, as in scaly skin diseases, &c., from ^ gr. 
to^gr. 

Hydrooyanio Add. HCH. 

ACIDUM HYDROCYANICTM DILUTUM. Sp. gr. = 0*997. Ussd Chicfly 

to allay pain and spasm, acting as a direct sedative on the 
entire functional system. 
Dose : from 2 to 5 min. 

Iodine. I. 

As an external application, an irritant, or vesicant, and in 
cour93 of time, after absorption, a spansemic. Used in 
chronic skin diseases, and over enlarged and indurated parts. 

Internally used, it increases the activity of most of the se- 
creting and excreting glands, and is a powerful alterative. 
Given in scrofula, bronchocele, hypertrophy of liver, uterus, 
&c. ; for the relief of secondary and tertiary syphilitic symp- 
toms, &c. 

Dose : of free iodine, § gr. ; of the tincture, 5 min. to 20 min. ; 
of iodide of potassium (KIj, 2 grs. to 10 grs. 

Lithium. L. 

LiTHixE Cabbonas. L2CO3. Acts as a diuretic, and is valu- 
able as forming a soluble salt with uric acid. Given in 
chronic gout, calculus. 
Dose : from 3 grs. to 6 grs. 

HEagnesium. Mg. 
Magnesia levis. An antacid and purgative, useful in 
diarrhoea. 
Dose : as an antacid, from 10 grs. to 20 grs. ; 
as a purgative, from 20 grs. to 60 grs. ^ 
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Maonesls sulphas. MgS04, or Epsom salts. Used as a 

saline purgative. 
Dose : from 120 grs. to ^ oz. 

Xorphia. Ci^Hi^KOs. 

The chief alkaloid in opium, imparting to the drug most of its 
valuable properties. Opium acts at first as a stimulant, 
and afterwards as a powerful narcotic. It is employed to 
alla^ pain and spasm, under any condition of the system ; 
in inflammation, to control diseased action ; in fevers, 
hssmorrhages, &c. 
Dose : of Opium, J gr. to 3 grs., or more ; 

of TiNOTURB OP Opium, 4 min. to 40 min., or more ; 
of Hydrochlobate or Acetate of Morphia, i gr. to 

I gr.; 
of Solution op Hydrochlobate or Acetate op Mor- 
phia, 10 min. to 60 min. 

Hitrio Aeid. HNO3. 

AciDUM nitricum dilutum. Sp. gr. = I'loi. Used as a 
solvent of phosphatic calculi, by injection into the bladder. 
Given internally as a refrigerant and tonic, and for pre- 
venting phosphatic deposits. 
Dose : from 10 min. to 30 min., freely diluted. 

ACIDUM NITRO-HYDROCHLORICUM DILUTUM. Sp. gr. = I '074, 

Given as a tonic and stomachic in dyspepsia ; and in 
chronic hepatitis. Dose : from 5 min. to 20 min., diluted. 

Fhofiphoms. P. 

ACIDUM PHOSPHORICUM DILUTUM. H,P04. Sp. gr. = I*o8. 

Used chiefly as a refrigerant, and in affections connected 
with the excretion of alkaline urine. Dose : from 10 min. 
to 30 min., freely diluted. 
Ammonlb phosphas. (NH4)2HP04. Used when a tendency 
to uric acid calculi exists, from its capability of largely 
dissolving urate of soda. 
Dose : from 5 grs. to 20 grs., freely diluted. 

piTunbiun. Fb. 

Plumbi Iodidum. Pblj. Applied externally as a mild stimu- 
lant to enlarged scrofulous joints. 

Plumbi Acetas. Pb'^02H802)2.3H20. In small doses acts as 
a sedative and astringent. Given in morbid mucous dis- 
charges and hsBmorrhages. Dose : from } gr. to 3 grs. 

Pilula Plumbi cum Opio. 
Dose : from 4 grs. to 8 grs. 
Potawrium. K 

Liquor Potasrs. KHO. An antacid; a powerful sedative 
on the mucous membrane of the stomach; and a blood 
alterant. Dose : from 10 min. to i fl. drm., freely diluted. 
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Potass^ Carbonas. KgCOj. Similar to preceding, but Ig^ 

caustic. Dose : from lo ^s. to 20 grs. •• 

Potass^ Bicarbonas. KHCO3. An antacid; not sedative. 

Dose : from 10 grs. to 30 grs. 
Potass^ Acetas. KCgHjOg. 
As a diuretic, 10 grs. to 60 grs. 
As a purgative, 1 20 grs. upwards. 
Potass^ Citras. KgOgH^Oy. A valuable saline febrifuge. 

Dose : from 20 grs. to 60 grs. 
PoTAss-s: Tartras Acida. KHC4H4O8. 
As a refriijjerant or diuretic. 

Dose : from 20 grs. to 60 grs. 
As a hydragogue purgative. 
Dose: 120 grs. to ?oo grs. 
Potass^ Nitras. KNO3. 
A powerful sedative on jthe heart and vascular system 
generally. 
Dose : from 20 grs. to 30 grs. 
As a diuretic and refrigerant. 
Dose : trom 5 grs. to 20 grs. 

Quinia. C20H24N2O2.3H2O. 

The chief of the cinchona alkaloids, imparting to the bark its 

most important properties. 
The bark is a powerful tonic ; exerts a great influence on the 
nervous system, and is much used as an antiperiodic ; and is 
also given as an astringent. 
Dose : of the Deoootum Oin. Flav. i fl. oz. to 2 fl. oz. ; 
of the Tinctures, i fl. drm. to 2 fl. drms. ; 
of QuiNia: Sulphas, i gr. to 10 grs. or 20 grs.; 
of Tincture of Quinine, i drm. to 2 drms. ; 

of ViNUM QuiNLffi, i fl, oz. to I fl. oz. 

Sodium. Ka. 
SoDiB Carbonas. Na2C03. Similar in its effects to K2CO3, 
but less caustic. 
Dose : from 10 grs. to 30 grs. 
SoD-as Bicarbonas. NaHCOa. Similar to the corresponding 
salt of potash, but is considered to agree better with the 
stomach. 
Dose : from 10 grs. to 60 grs. 
SoD^ Sulphas. Na2S04. A saline purgative ; influences the 
biliary secretion, and, in small doses, acts as a diuretic. 
Dose : from | oz. to i oz. 
SoDJS Phosphas. Na2HP04.i2H20. 
Given as a mild saline purgative, in doses from J oz. to i oz. ; 
as a diuretic, from 30 grs. to 120 grs. It also renders the 
urine alkaline, and aids in the solution of uric acid. 
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^OD-E BiBOHAS. Na2B40,.ioH20. Acts as a mild alkali on 
the alimentary canieJ, and as a sedative to mucous mem- 
branes. 
Dose : from lo grs. to 60 grs. 

Sulplmr. 8. 

As a stimulant in chronic cutaneous diseases. Dose : from 
10 grs. upwards. 

As a laxative, from 30 grs. to 60 grs. 

AciDUM SuLPHURicuM DIL13TUM. HgSO^ ; sp. gr. = 1*094. 
A refrigerant, tonic, and astringent. Dose : from 5 to 
30 min., freely diluted. 

AoiDUM SuLPHunosuM. H2SO3 ; sp. gr. = 1-04. Used ex- 
ternally in skin diseases : valuable for its destructive influ- 
ence on vegetable life. 

Stryohnia. C21H22N2O2. 

The alkaloid which is the active ingredient in nux vomica. 
The preparations act as powerful stimulants to the spinal 
cord. It is administered in cases of paralysis ; to give tone 
to the intestines and the muscular system; in cases of 
hysteria and nervous exhaustion ; and in chorea and chronic 
spasmodic affections. 
Dose : of Powdered Nux Vomica, 2 grs. to 5 grs. ; 
of the Extract, J gr. to 2 grs. ; 
of the TiNCTTRE, 10 min. to 20 min. ; 
of Strychnia, g^ gr. to ^ gr. or | gr. 

Taimio Add. C^^'H^fi^j, 

Acts as a powerful astringent to the mucous membrane of the 
alimentary canal, and as an indirect astringent after ab- 
sorption. Given in cases of haemoptysis, hsematuria, in- 
creased mucous discharges, e.g., diarrhooa and dysenteric 
affections ; also to diminish excessive sweating. 

Dose : from 3 grs. to 20 grs. 

Zinc ZxL 
ZiNCi oxiDUM. ZnO. A tonic for the nervous system, in 
cases of chorea, epilepsy, hysteria, &c. ; and as a general 
astringent in cases of colliquative sweating. 
Dose : from i gr. to 10 grs., or more. 
ZiNCi CHLORmrM. ZnCl2. 
A solution of this (sp. gr. = 2*0) is used as a disinfectant 
and deodorizer, under the name of Sir W. Burnett's Solu- 
tion. 
ZiNCI SULPHAS. ZnS04. 
An astringent and nervine tonic. Dose : from i gr. to 5 grs. 

or 10 grs. 
An emetic. Dose : from 10 grs. to 30 grs. 
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Used also as an injection in ophthalmia, gleet, lenoorrlioea, 
&c. Quantity : from i gr. to lo grs. dissolved in i oz. of 
wafer. 
ZiNOi Valerianas. ZnCCyHgOj),. 

A nervine tonic and antispasmodic. Given when the com- 
bined action of the metal and valerian is desirable, e.g., 
in hysteria, chorea, epilepsy, headaclie. 

Dose : from ^ gr. to 4 grs. 
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